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Foreword 



It has been less than a decade since the first personal computers appeared on the edu- 
cation scene. Schools have acquired computers rapidly since then, but most elements of 
the instructional process remain the same. This contrasts with other sectors of society, where 
technology has changed the way business is transacted, medical problems are analyzed, and 
products are produced. During this same decade, calls for improving the quality of educa- 
tion for all children have increased. To better understand the potential of new interactive 
technologies for improving learning, the House Committee on Education and Labor, and 
its Subcommittee on Select Education, asked the Office of Technology Assessment to do 
this study. 

Teachers, administrators, parents, software publishers, hardware manufacturers, research- 
ers, policy -takers at all levels of government, and students all play a role in turning on 
the power of new tools for teaching and learning. This report examines developments in 
the use of computer-based technologies, analyzes key trends in hardware and software de- 
velopment, evaluates the capability of technology to improve learning in many areas, and 
explores ways to substantially increase student access to technology. The role of the teacher, 
teachers' needs for training, and the impact of Federal support for educational technology 
research and development are reviewed as well. 

Throughout this study, the Advisory Panel, workshop participants, and many others 
played key roles in defining major issues, providing information, and championing a broad 
range of perspectives. OTA thanks them for their substantial commitment of time and energy. 
Their participation does not necessarily represent an endorsement of the contents of the 
report, for which OTA bears sole responsibility. 




JOHN H. GIBBONS 
Director 
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Chapter 1 

Summary 



INTRODUCTION 



At Poteet High School in Mesquite, Texas, ninth 
grade students are doing experiments with radio- 
active materials, handling explosives, and pouring 
sodium metal into a lake, and their teachers think 
it*s great! With their entire physical science curricu^ 
lum — 160 hours of instruction, one semester of 
chemistry and one of physics— on interactive video- 
disc, they are learning about and doing science in 
a simulated environment. The laser videodisc com^ 
bines the drama of a television program with the 
capabilities of a computer: a touch of a computer 
screen brings to life a volcanic eruption or a solar 
flare.* 

The fifth grade class at Sacred Heart Model School 
in Louisville, Kentucky, recently assembled a com- 
puter database of their pets: 25 dogs, 15 cats, 13 
hamsters and gerbils, 5 horses, 4 hermit crabs, 1 
guinea pig, 3 each of rabbits, turtles, and chickens, 
and 73 fish. Updates and comparisons are expected, 
as the class shares information with students who 
live in other cities, in suburban communities, and 
in rural areas. Their next project is to test the acid' 
ity of the city's tap water and compare their results 
with data from 199 other schools aroUiid the world 
via telecommunications.^ 

A libiirian in Jefferson County, Alabama, spent 
her spring vacation driving a group of junior high 
school students around the State, where they video- 
taped historical sites, agriculture and industries, 
tourist attractions, and the Governor at work in the 
capital. The students are creating their own curric- 
ulum materials for a course on "Our Alabama 
Heritage."^ 

In most other classrooms, teachers stand in front 
of a blackboard, chalk in hand, lecturing as teachers 
always have. Some students take notes on paper; 
others look out the window, as students always 
have. Are the Poteet High, Sacred Heart, or Jeffer- 



^Mcsquitc Sews, Mcsquite, TX, Oet. 28, 1987, p. I OA. 
'The Conner Journal, Louibville, KY, Feb. 19, 1988, 
'Carolyn Starncs., Lomputer tuurJinatur, Hillvitw EkmLntdry 
School, Birmingham, AL, personal communication, Apr. 13, 1988. 



son County classrooms isolated cases, or are they 
realistic previews of how new information technoU 
ogies will change all schools? 

Today's classrooms typically resemble their ances^ 
tors of 50 years ago more closely than operating 
rooms or business offices resemble their 1938 ver- 
sions. But new technologies are making possible im- 
aginative approaches to teaching traditional subjects 
and are motivating teachers and children to try new 
ways of information gathering and learning. 

New learning tools have diverse objectives and ef- 
fects. This diversity is due, in part, to the flexibility 
of interactive technologies.** Computers help teach 
children to read, write, and "do sums.'' Telecom- 
munications lets students in remote areas, who 
might otherwise be denied access, take advanced 
classes in calculus, foreign language, and physics. 
Science students use computer-based measurement 
instruments, while their classmates use simulation 
programs to "participate" in politics and history. In 
some schools there is a computer in each classroom; 
in others, laboratories with 20 or 30 terminals ac- 
commodate groups for anywhere from 20 minutes 
to 2 hours per week. A few experimental programs 
provide a computer for each child in school and 
another one at home. Some schools have adopted 
integrated curriculum packages with automated, in- 
dividualized student monitoring, testing, and report- 
ing, while others have opted for a more eclectic ap- 
proach that leaves greater autonomy for teachers* 
planning and implementation. And many classes, 
of course, use no new technology. 

The infusion of computers and development of 
advanced interactive technologies coincide with 

*Thc term interactive technologies m education refers to technol- 
ogies that can respond appropriately and quickly to students or teachers. 
The interaction ean either be between a person and a machine, as m 
tliL tabc uf Lumputerb, or between people using new formb of commu- 
nication, as in the case of distance learning. Today's interactive tech- 
nologies encompass computer technologies, transmission technologies, 
television teehnologiei), and optical technologieb* Much of the discus- 
Mon in this report focuses on computer-babed technologies, because 
of their impact on schools and because most other key technologies 
are closely tied to the computer. 
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troubling news about American schools and have 
been hailed by many as an important catalyst for 
reform/ Blue ribbon commissions have reported 
falling test scores and pointed to the growing diver- 
gence between our economy's need for highly skilled 
labor and our schools' capabilities to prepare produc- 
tive adults/ A few visionaries argue that the new 
technologies alone can solve the difficult problems 
of America's schools, while those at the other ex- 
treme remain unimpressed by claims that technol- 
ogy can improve learning. OTA finds that most edu- 
cators are cautiously enthusiastic. School personnel 
and educational researchers believe that interactive 
technologies have already improved teaching and 
learning for some children, and they are optimistic 
about greater improvements that might result from 
continued development, experimentation, and wide- 
spread implementation. There is a general consensus 
that the appropriate assignment of new technologies 
within effectively organized schools could make a 
big difference in academic performance, motivation, 
and dedication to learning. The broad experimen- 
tation of the past decade has generated a knowl- 
edge base for schools and policymakers. The Na- 
tion is now poised to decide on the next level of 
commitment. 

At the request of the House Committee on Edu- 
cation and Labor of the U.S. Congress, OTA stud- 
ied the potential of interactive learning tools for im- 
proving the quality of education, and analyzed the 
technological, economic, and institutional barriers 
to achieving the technologies' future promise/ 



""Some cxpcrt5> believe that the information technologies ^an raJi- 
cally v-hange the performance and structure of the educational *y*tv.rTi» 
For further discussion sec, U.S. Congress, Office of Technology Assess' 
mem, Technology and the Amcncan EtonomtK. Transmon: Choices 
for the Future, OTA-TET 283 ( Washingtun, DC. U.S. Government 
Printing Office, May 1988), pp 240-251 

*See Nmional Commission on Excellence in Education, A Nation 
at Risk (Washington, DC: U.S- Department of Education, April iyii3); 
Committee for Ecunomn- Development, Imating in Our Children 
(Washington, DC September 1^85), National Task Force on Educa 
tional Technology, Transforming American Education: F educing the 
Risk to the Nation y A Report to the Secretary of Education (Wash- 
ington, DC: April 1986); and Carnegie Forum on Education and the 
Economy,/! Nation Prepared (New York, NY: Task Force on Teach- 
ing as a Profession, May 1986). 

'For this compreherisive analysis, OTA an.il>zed survey d.ita on dib 
trlbution b J a^^css to teehnology and studied patterns of u^e, rc\ icwcd 
researv,h literature on evidence of effcLtivcnesb, ^onduv-ted site vii-iti 
to sv,hools and research ^entcri), interviewed pubhsherj*, vendors, re 
searehcrb, policymakers, .idminisu.Uori, te.Khers, and j>tudents, devel 
oped case studies, surveyed State technology directori., and convened 



OTA finds that, although new interactive technol- 
ogies cannot alone solve the problems of Amer- 
ican education, they have already contributed to 
important improvements in learning. These tools 
can play an even greater role in advancing the sub- 
stance and process of education, both by helping 
children acquire basic skills and by endowing 
them with more sophisticated skills so they can 
acquire and apply knowledge over their lifetimes. 

At the current rate of resource allocation, the 
Nation can expect a continued broad base of ex- 
perimentation, steady but slow improvement in soft- 
ware, and spotty access to the technology by chil- 
dren. If the Nation wishes to accelerate realization 
of the potential of the technology, a greater invest- 
ment will be necessary. Costs of such a shift would 
be borne by Federal, State, and local governments, 
and the private sector. 

Regardless of the rate of investment in interac- 
tive technology and support for it, policymakers 
should focus their attention on four closely related 
areas if the technology is to move toward realizing 
its potential. Each of these areas affects, and is af- 
fected by, the others: 

• expanding the amount and capability of tech- 
nology in schools to increase student access; 

• providing training and support for teachers; 

• encouraging innovation and improvement in 
educational software; and 

• supporting research, development, demonstra- 
tion, and evaluation, with emphasis on ties be- 
tween research and the classroom. 

OTA concludes that the Federal Goveri.ment 
must take an active role if interactive technology 
is to realize its potential for improving education. 
National needs for educated citizens and workers, 
combined with traditional Federal responsibility for 
equity, are the underpinnings for Federal action. 
Further, the centrally important aspect of research 
will be adequately supported only as a national un- 
dertaking at the Federal level. 



experts* for OTA \vorkbhops on educaiional Aoftw.irc development and 
economic^, teachers, and technology, research and development of 
educational technology, and cost'effcctivcnebb issuei^ In the first phtise 
of the project, OTA prepared a btaff paper, "Trends and Status of Coin- 
puterb in SchooU» Uae m Chapter 1 Programb and Use With Limited 
English Proficient Student^*," March 1987. 
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Federal programs must be flexible and should not 
constrain the use of technology. Schools* experience 
with interactive technology, and recent research on 
how children learn when they use computers, make 
clear that there is no single ''best use** of technol- 
ogy in schools to improve learning. Ideally, Fed- 
eral programs would encourage continued experi- 
mentation and sharing of information from those 
experiences. Federal research efforts should include 
studies on the educational effectiveness of currently 
available technology to address traditional goals, as 
well as studies of innovation that push the bound- 
aries of learning and cognition. 

Educational technologies can be powerful tools 
for change, not as ends in themselves, but as vehi- 
cles to extend teaching and learning processes. The 
task of developing appropriate software, installing 



sufficient hardware, training teachers for their new 
role in electronic classrooms, expanding basic re- 
search into the science of human learning and cog- 
nition, and ensuring equity of access for all learners 
cannot be accomplished by any one sector of gov- 
ernment or industry. 

OTA finds that improved use of technology can 
be accomplished, in large part, through existing 
Federal programs. In building on current efforts, 
Congress could target funds within programs as well 
as increase levels of funding, make administrative 
changes, and exert leadership at the national level. 
A more focused effort to substantially expand the 
use of technology in education and attain more 
fully integrated applications across the curriculum 
will probably require new strategies and perhaps 
new authority. 
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THE SPREAD OF TECHNOLOGY IN SCHOOLS 



The 1980s witnessed a tremendous expansion 
in school use of advanced technology of all types. 
For example, in 1980 very few schools had videocas' 
sette recorders (VCRs). Today roughly 90 percent 
do. VCRs and the availability of cable and satellite 
transmission have greatly increased flexibility of tele- 
vision use. Television and electronic telecommuni' 
cations are also being used to deliver instruction to 
students in remote sites. Such distance learning 
projects are under way or being planned in 35 States. 
Recendy enacted legislation (Star Schools)^ will ex- 
pand these efforts considerably. 

Between 1981 and 1987, the percentage of Amer- 
ican schools with one oi more computers intended 
for instruction grew from about 18 percent to 95 
percent (see figure 1-1). There are now between 1 2 
and 1.7 million computers in public schools 
alone.^ This is an impressive record of growth 
and shows a widespread willingness on the part 
of school districts, schools, teachers, and parents 
to explore the possibilities of new learning tech* 
nologies. In a period of less than 10 years, comput- 
er-based technologies have been introduced to stU' 
dents with quite different intellectual and behavioral 
needs, by teachers and administrators of varying 
backgrounds, experience and technical skill, work' 
ing in schools with children of diverse demographic, 
racial, ethnic, and economic composition. 

Although computers are widely distributed and 
access to them by students has increased signifi- 
cantly, the vast majority of schools still do not 
have enough of them to make the computer a cen* 
tral element of instruction. (See figures 1-2 and 1- 
3.) The number of computers in U.S. public schools 
translates to approximately 1 computer for every 30 
students. In practice, there is wide disparity— one 
computer in a classroom, clusters of computers in 

^Authorized under Title 11, "Mathematics and Science" of H.R. 5, 
the Elementary and Secondary School Improvement Act. 

"Market Data Retrieval, Inc. and Quality EduLution Data, Inc , tht 
leading market research firms specializing in school technologies, esti- 
mate the 1988 total at about 1.2 million. TALMIS, on the other hand, 
a firm that collects data on the computer mJustry more broadly, reports 
a total current base of 2.03 million, of which about 375,000 are in pn 
vate schools. Finally, T.H.E. 7ourna/, a prominent educational tech- 
nology magazine, reports the highest figure, 2.1 million overall, with 
1.7 millton tn the public schools, based on their recent survey. Varia 
tions among these estimates are due largely to differences in samplmg 
methodology and timing of surveys. 



Figure 1-1.— U.S. Public Schools With Ai Least One 
Computer by Grade Level, 1981-87 

100 r .^.^w..w.M.-.. I 




0 ^ ' ' ' ' ' ^ 

1981 1982 1983 1984 1985 1986 1937 

School year 

SOURCE. Office of Technology Assessment, based on data from Market Data 
Retrieval, Inc., 1988. 

the hbrary or classrooms, full computer laboratories, 
and classrooms with no computers. Not all students 
use computers, and it is estimated that those who 
do so spend on average a little more than 1 hour 
per week on the computer, about 4 percent of their 
instructional time. The National Assessment of 
Educational Progress'^ report on computer compe- 
tence found in its 1985-86 survey of 3rd, 7th, and 
11th grade students that computers were seldom 
used in subject areas, but were used almost exclu- 
sively to teach about computers. 

Furthermore, in analyzing these and other cur- 
rent data available on computer use by different 
demographic characteristics, OTA found that stu- 
dents in relatively poor elementary or middle schools 
have signficantly less potential access to computers 
than do their peers in relatively rich schools. Black 



"^Miehael E. Martinez and Kaney A. Mead, Computer Compc 
teiitc. The Pint \'a(iona! AbbCbbmcntt R'jpurt Ku. 17 CC CI (rnnce- 
ton, NJ: Educ«itional Testing Service, April 1988). 
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Figure 1-2.— Average Number of Computers 
Per 30 Students in U.S. Public Schools, 1983-87 
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Al schools 
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Ugh schools 
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^Includes K*12 combined schools. 

SOURCE; Office of TechnolOQy Assessment, based on data from Market Data 
Retrieval. Inc., 1987. 



Students have less access than do whites, particu- 
larly at the elementary school level. Limited Eng- 
lish proficient students have the lowest access of all. 
And low-achieving students are more likely to use 
computers for drill and practice than for problem 
solving or other activities." 

An increase in the amount and capability of 
technology in schools will be required if the tech- 
nology is to realize its potential. Expanding the use 
of technology in the school district, across the State, 
or throughout the country immediately raises the 
question of how much it will cost and how it will 
be financed (see box l-A). bxperience over the last 
decade shows that costs and funding mechanisms 
vary. In general. Federal, State, district, Parent- 



Figure 1-3.— Distribution of Computers in 
U.S. Public Schools, 1988 
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"For more detail see, Office of Technology Assessment, op cii , 
footnote 7. 



SOURCE. Office of Technology Assessment, based on data from Quality Educa- 
tion Data, Inc., 1988. 
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Box I'A.— Educational Technology: What Does It Cost? 



A bubiness executive concerned with the efficient 
allocation of the company's financial re&ourccb would 
condition the purchase of a new computer bv&tem on 
a basic comparison of available models and their costb. 
Asked by the Board what it will cost to btreamlmc 
this or that business operation, the executive would 
be able to report current prices, the predicted lifetime 
of the equipment (along with a depreciation sched' 
ule), ai^d a dollar estimate of expected efficiency gains. 
Similarly, past expenditures could be scrutinized with 
respect to alternative technologies that were not cho- 
sen and with respect to monetized benefits. Put sim- 
ply, the measurement of costs and benefits is a rou- 
tine business function. 

Why, then, is it so difficult to get a simple answer 
to the question "what does educational technology 
cost?" And why do the numbers appear simultane- 
ously miniscule and gigantic? 

Consider, for example, the estimated $2 billion 
spent on hardware for instructional computing over 
the last decade. Is that a small amount or a large 
amount? On average it represents $200 million annu- 
ally, about $5.00 per student per year, less than two- 
tenths of one percent of total annual elementary and 
secondary expenditures (in fiscal year 1986). It is a 
small amount compared to the amount spent on in* 
structional materials (primarily textbooks), which it- 
self was only about $35 per pupil in 1986, or about 
1 percent of total education spending. It is an even 
smaller fraction of the amount spent on fast food ($50 
billion annually) or on pet food ($6 billion annually), 
and an infinitesimal fraction of gross national prod- 
uct ($4 trillion). 

On the other hand, children learn tricks to help 
them imagine the size of big numbers: at the rate of 
one count per second, it would take about 31 years 
to reach a billion! More to the point, the $2 billion 
spent on school computers in the past decade could 
have paid 10 years of tuition, room, and board for 
20,000 college students, or the home electric and heat* 
ing fuel bills for 165,000 households, or the medical 
expenses for 130,000 elderly Americans. 

While computer-based learning tools have been 
adopted enthusiastically— fewer than 5 percent of U.S. 
public schools now do not have a computer— there 
are still an average of 30 students to each machine, 
far too many for the computer to be an integral part 
of the school day. OTA estimates that the cost of sub- 
stantially increasing the installed base, and providing 
a computer for every three children, could increase 



the Kation's annual expenditures for precollege edu 
cation by over $i billion (occ table). Again, the rela 
tivc importance of this expenditure can be dramatized 
in either direction depending on the desired effect, 
it is small compared to the overall cost of education, 
but an enormous chunk of the current instructional 
materials budget of the Nation's public schools (sec 
figure). 



Approximate Cost of Major Expansion of 
Computers in U.S. Public Schools 

Cost Annual cost 

(in millions) (in millions) 

Capital costs for hardware^ 
12 million computers @ $1,000 each. $12,000 
5 million printers @ $400 each .... 2,000 

Total $14,000 

Annualized cost, assuming 6*year 
equipment life and 10% interest 
rate $3,200 

Other annual costs 

Software @ $5/student $200 

Maintenance and upgrades cost .... 700 
Teacher training^ 100 

Total (non-capital annual) . . . $1,000 $1,000 

Total estimated annual cost . $4.200 

^Ooes not Include other peripherals, mass storage devices, or networking. 
^Assuming 50 percent o( zV. teachers trained annually. 

SOURCG: Office of Technology Assessment. 1988. 



Estimated Annual Cost of Major Expansion of 

Installed Base of Computers in U.S. Public 
Schools (as a Percent of Total Expenditures on 
Instructional Materials) 



Tolal Instructional Materials Expendtures 
($13bir>on) 



32% 



1986-87 




Expansion of computer; 
Inventory ; 
($4.2blSion) \ 



SOURCE. Office of Technology Assessment based on U.S. Department of 
Education. National Center for Education Statistics, and Public 
Elementary and Secondary School Revenues and Current Expen- 
ditures for Fiscal Year 1986, March 1988. 
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The problem, obuously, is that without reference 
to the effects of expenditures on educational technol 
ogies, the dollar amount is almost meaningless. How 
ever, the definition and measurement of educational 
effects (or outcomes) is extremely complex. Business 
decisions, such as whether to install a new technol 
ogy, can usually be assessed for their effect on profit ^ 
a quantifiable indicator of performance. But schools 
have multiple goals that cannnot conveniently be 
lumped into a single quantitative indicator. The ef- 
fects of instructional technology (and education in 
genera!) take a long time to register and are very dif 
ficult to measure. In addition, there is disagreement 
about the "production function," or the relationship 
between specific educational inputs and outcomes. 
Classroom learning is a complex, dynamic and adapt 
ive process: what a teacher does today may not work 
tomorrow, what works in New York may not work 
in Ohio. 

Difficulties in applying conventional productivity 
analysis to schools, which are familiar to a generation 
of education economists who have tried, necessitate 
a cautious approach to cost estimation of educational 
technology. In particular: 

• Educational technology is a body of tools that can 
be applied to a wide variety of educational pur- 
poses. The question "how much does it cost?" 
should be recast with reference to specific tech' 
nologies. 

• Because classroom learning is a complex, inter- 
active process subject to many stimuli, it should 



TcMchcr Association, or business contributions, ur 
a cun.bination of these support technology used b\ 
school districts. (See figure 14.) Costs include pur 
cha:es of technology, teacher training, maintenance, 
continuing upgrades of hardware and software, and 
supporting personnel/ (See table 1-1.) 

OTA finds that States are key players in im- 
proving the use of technology in education, al- 
though the level of support across the States is by 
no means uniform. In addition to helping schools 
acc]uire technology. States provide funding, tech^ 
nical assistance, and other resources for improving 
the use of teehnology in schools. Their role has 
changed rapidly. In 1081, only a few States were in- 



iompuung, Ch.ipel Hill C\»rrK'ro Cit\ SilioMK, N\\ j'<.rM*hjI i.»ni 
munuation. Mnrth 1*>SS. 



be viewed as a living experiment. Under ideal 
conditions, teachers and their students continu- 
ally learn about learning and adjust to their 
changing environment. The computer, or any 
educational tool, cannot be introduced into such 
an environment with the expectation of imme- 
diate benefit. Time is needed to integrate it in a 
useful way. The costs of new learning tools, then, 
include much more than the easily quantifiable 
market prices for hardw^are and softw^are. 

• The useful life of a classroom computer, an im- 
portant clement in cost estimation, depends on 
many factors, rugged ness or physical durability 
of the equipment, capacity to handle new and 
more sophisticated software, and changes in 
teachers' classroom methods. In addition, schools 
cannot typically sell or trade-in used equipment, 
nor do they simply discard machines that have 
become obsolete. Thus, the establishment of an 
appropriate replacement cycle, which is relatively 
easy for books (usually 5 to 6 years), becomes a 
more complicated matter in the case of computer 
equipment. 

• Increasing the utilization of school computer 
equipment can raise costs: for example, making 
the equipment accessible to evening school pro- 
grams or to local libraries entails added person- 
nel, maintenance, and security expenses. How- 
ever, increased utilization can improve the overall 
efficiency of the installed equipment by creating 
additional revenues that offset operating expenses. 



\ol\ed with comput'*rs. ' By 1987, almost every 
State had created an admuiistrati\ e position or de- 
partment to plan, implement, or monitor State 
educational technology programs. Some States have 
established technology skill requirements for 
teachers and guidelines for technology-related cur- 
ricula, and many are involved in some aspect of 
teacher training, software evaluation, or informa- 
tion dissemination. A few have produced instruc- 
tional software or distributed software electronically. 
Some have funded demonstrations of new uses of 
technology such as distance learning. In identify- 
ing barriers to increased use of technology, almost 



The Siau'> oi AUAa <mJ MiniK">i»r.i ucrce.irlv !caJa>. Sw. 
i'on^rc^^. Otihv oi TcihnoIo|i\ A^^e^*«^K*n^ Intonn.iSioihtl Ti\Imo!' 
i'^'i .i/K//f> Anwn^.tn /:Jm.if/fn, OTA-CIT- js7 (W.hhing- 
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Figure 1-4.— State Estimates of Major Sources of 
Funding for Technology Used by School Districts* 




Federal Federal 
funds" Chapter 2 Chapter 1 Title I 

Source of fundng 



^State technology coordinators were askod to select the top three sources ot 
funding used by districts. 

^Stato funds used for technology by districts include: 1) funds for technology 
allocated to aii districts. 2) grants toi technology* and 3) grants that may bo 
used for technology. 

SOURCE: Office of Technology Assessment. State Educational Technology Sur- 
vey. 1987. 



twO'thirds of the States surveyed by OTA cited 
lack of funds as a serious problem/* 

Federal programs have been and continue to be 
another important resource, particularly in increas- 
ing access to computers by eduLationally disadvan. 
taged students, and in enabling districts to purchase 
harr'ware and software. Compensatory Education 
Programs (Chapter 1*^) in every State fund the 
purchase and/or lease o* computer hardware and 
software for use with educationally disadvantaged 
students,^*" and almost three ..fths (58 percent) of 
Chapter I teachers in public schools report that they 



use computers to teach their students/' In all dis- 
tricts, the Federal Block Grants (Chapter 2) can be 
used to purchase hardware and software.''' Most 
recently, in an OTA survey, 34 States ranked Chap- 
ter 2 as One of the top three sources for (unding tech- 
nology at the district level.*^ Other Federal pro- 
grams support acquisition of computer hardware and 
software, but the amounts spent on technology pur- 
chases do not appear as separate items in their 
budgets and therefore cannot be measured. These 
programs include the "Math/Science Program" (Ti- 
tle II of the Education for Economic Security Act, 
EESA), the Magnet Schools Assistance Program (Ti- 
tle VII of EESA), Vocational Education (The Per* 
kins Act), and the Education for the Handicapped 

National needs for educated citizens and work* 
ers combined with issues of equity suggest that the 
Federal Government work with State, local, and 
private sector efforts to expand the use of inter^ 
active technologies in schools. This could include 
increased funding and clear direction from Wash- 
ington, supporting the role of technology as one 
component of improving learning. 

Steady funding is vastly preferable to money 
that must be spent quickly. This is because loc J 
districts and States need time to plan for integrated 
uses of technology and to train peisonnel. Flexibil- 
ity is also important, as districts and States need free* 
dom to revise these plans as the technologies change 
and as the learning potential they offer evolves. 
Moreover, efforts that build on local. State, and pri- 
vate sector experience and resources could provide 
greater leverage of Federal funds. 



"OTA State Educational TcLhnuk>g> Sur\t), 19S7. 
"'Chapter I ofthc E.Ju«.atiun CunsoaJatton and ImprovciM^.ra A^u 
'^OTA Survey of State Chapter I toordinators, see Office of Tcvh- 
noloRV Assessment! op, cit., footnote 7. 



OTAa ana!>»t^ iva& ba»cJ uii urigitial dai.i irunt (lie; i^S6 N'atiuiial 
Survey ofthc Education Consolidation and Improvement Act Chap- 
ter I Schools conducted by Wcstat Corp. for the U.S. Department 
of Education s HS6 National Aweisment of Chapter 1. Sec Office of 
Technology Assessment, op. cit., footnote 7, p. 50. 

'*Char*^r 2 ofthc Education Consolidation and Improvement Att 
distributes these block grants to States based on the student popula- 
tior^ figure*. Eighty percent ofthc funds a State receives must go directly 

local dt:^triLl>, again a^Lording (i> a furmula La>c*d on tht number 
of svhool aged children in the district. A 19S6 study found that sup 
port for computer 'related activities accounted for 30 percent of all lO' 
cal Chapter 2 expenditures. SRI International and Policy Studies Asso» 
ciates, 'The Educational Block Grant at the Local Level: The 
Implementation of Chapter 2 ofthc Education Consolidation and Inv 
provcmen? Att m DtstriLts and Schools/' prepared for the U.S. De» 
partmcnt of Education. January I9S6. 

^''OTA State Educational Technology Survey, 19S7. 
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Table M,— Costs of Computer Use (Frank Porter Graham Elementary School Chapel Hill, North Carolina, 1986-88) 



Staff Repairs/ 
Hardware^ Software^ Supplies*^ development^ Personnel^ maintenance 



19dS'87 

Chapter 2 $ 373 — — — — — 

Title II — — — $ 608 — — 

State 4,195 $ 556 — 454 _ 

locai 

Current expense — ^ _ 441 $i.300 $1,254 

Capital outlay — — — — — — 

School 

PTA — 1^024 476 — 1,915 ^ 

Total $ 4.568 $1,580 $ 476 $1,503 $3,215 $1,254 
1987-88 
Federal 

Chapter 2 $ 373 — — — — — 

Title II — — — $ 608 — — 

State — — — ^ — — 

locat 

Current expense 1,000 $ 611 $ 611 300 $1,550 $1,290 

Capital outlay 1,111 — — — — — 

School 

PTA 3,164 1^000 460_ - - 2^708 

Total S 5,648 $1,611 $1,071 $908 $4,258 $1,290 



Total 2 years .... $10.216 $3,191 $1.547 $2,411 $7,473 $2,544 

^Hardwire. Compulcr hardware currently consi&.s o! 24 Apple li cumputct siatiuns Fuurtocn die gtu^/yvo ivyeinci m a v.umputet laooralory and lO arc located in m- 
dividual classrooms, tho science laboratory, or the media center. 

Software: Software Includes programs provided by iho «thool di5tin,t tu support the i*,^iiici-oc»ciwi;cd ^umcujum AdOiUunai aotiwaro nas been purchased by tho 
^hool to support tho school and teacher objectWos. 
^SupplleSs Supplies needed tc support the distriv.t developed tufncoiom aio ptyvided s>y the jiaihc^ Trieao ittv.iudo auv.n tnmos a» booKs and djscs. Addition "4 sup' 
plies, such as p^por and ribbons, are funded by tho school. 

Stall davetopment. Oislrlct levOt workshops are designed tw &uppuit JislnU dorciupod vuti -uiu n AttonOanv.e (cquucd a\ ihcse sessions. Optional statt de- 
velopment Is also provided by both tho district and the school 

^Personnel. On site personnel with direct responsibnity tho ^umputct cducatiui, progtam v,yn»)»ts ut a part umo computet labotatury aide lunded by the PTA. Addi* 
tlonal personMOt resources are provided by the district through theu funding ot a haiMime coordinator who serves nmo schools, 
S0URC& ChApel Hlll-Carrboro Public Schools, Chapel Hill, nC. 



Congress can profit from the States* leadership 
and expertise in advancing the use of technology. 
There is much that i^ould be learned from v.irioub 
State efforts in teacher training, boftuarc evaluation 
and development, and model projects and demon- 



stration efforts described throughout this report. 
Federal funds coulJ expand State, local, and pri- 
vate sector efforts. Federal assistance through con- 
ferenccb or through electronic networks could fa* 
cilitate sharing information. 



WHAT THE TECHNOLOGY CAN DO 



One of the most obvious questionb about using 
interactive technologies in bchools is "Docs it work?" 
Performance and productivity are difficult to meas 
urc prcciselv, in part because the near-term effect.- 
of CvJucational tcchnulogicb may be different from 
v\hat these technologies might eventually achieve. 

OTA examined recent research on educational 
uses of computers in a wide range of applications 



in manv different settings. Although the r» ult& build 
an incomplete and someu hat impressiontiuc picture, 
they do suggest that certain configurations of hard- 
ware and boftuare, used with particular populations 
uf children and under the buperv ision of competent 
teachers, contribute to meeting bpecific instructional 
objectives. OTA finds that the varied capabilities 
of the technologies are key to their power. Edu- 
cators use interactive technologies for manv pur- 
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poses; there is no single best use. The follow ing are 
among the most promising current uses and dem- 
onstrations. 

Drill and practice to master basic skills.— For 
almost 30 years, computers have been used to pro- 
vide instruction or drill and practice in basic skills 
such as mathematics and reading. Computer-assisted 
instruction (CAI) has proven to be an effective sup- 
plement to traditional classroom instruction. For ex- 
ample, one recent study showed that elementary 
school children who used CAI for mathematics 
gained the equivalent of 1 to 8 months instruction 
over peers who received only traditional instruction. 

Development of writing skills.— Although word 
processing by itself does not create better writers, 
it has helped ease the physical burden of writing and 
revising. Studies have shown that both mainstream 
and special students who used the word processor 
as a supplement to writing instruction have made 
significant gains in writing ability. In addition, word 
processing technology has stimulated research on 
the most efficient ways to teach students to read, 
critique, and revise their written work. The find- 
ings of this research are being incorporated into new 
software. 




Photo credit: BreadNet Project 



English teacher Linda Henry and ninth grader John 
Quick Bear are part of the electronic network of rural 
schools set up by the Bread Loaf School of English 
at Middlebury College, This classroom on the Oglala 
Lakota (Sioux) reservation in Kyle, South Dakota, is one 
of 50 in a project to see if computers and telecomputing 
can improve the teaching of writing. 



Problem solving.— Problem solving skills and 
"higher order" thinking have always been difficult 
to teach. There is some evidence that teachers can 
use computer simulations, educational games, data- 
bases, and other software to train students to break 
down problems into their component parts and set 
strategies for their solution. More research is needed 
to understand problem solving strategies used by 
learners in different contexts and curriculum areas. 

Understanding abstract mathematics and sci- 
ence concepts.— One of the more promising uses 
of computers is as a tool in the science laboratory. 
Microcomputer-based laboratories (MBLs) combine 
microcomputers with probes to measure phenomena 
such as light, heat, and temperature. With specially 
designed software, students can produce almost in- 
stant graphs of the data and explore effects of differ- 
ent variables. Studies indicate that students using 
MBLs have a deeper understanding of complex sci- 
entific concepts than do students not using MBLs. 
The computer is an invaluable tool for teaching 
graphing concepts. Computer simulations have also 
proved an effective way of helping students visual- 
ize abstract concepts. (See box 1-E.) 

Simulation in science, mathematics, and social 
studies.— Simulations provide science students Ith 
self-contained worlds— for example, a frictionless 
world where the laws of Newtonian physics are more 
apparent— in which they can experiment and 
quickly see the result. Students can test abstract con- 
cepts and experiment with scientific processes that 
are not feasible or are too dangerous for actual class- 
room work. Simulations are also effective tools in 
social science. By playing the role of world leaders 
or citizens in other countries, for example, students 
have been motivated to engage in high level criti- 
cal thinking, gain a better understanding of politi- 
cal affairs, and appreciate different perspectives on 
issues. 

Manipulation of data.— Database management 
systems have become very popular in classrooms. 
These encourage students to define a problem in spe- 
cific terms and break it up into its component parts. 
Students must then identify the data needed, ex- 
tract them from the database, put the data in a use- 
ful order, use the data, and then communicate find- 
ings to others. Limited research results suggest that 
students using databases outperform other students 
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Box I'B.— The Teacher As a Coach: Teaching Science With a Microcomputer-Based Laboratory^ 

Douglas Kirkpatriek tcaLhcs an eighth grade physical SLtenec class m \X alnut Creek, California. Working 
with a research team from the nearby Lawrence Hall of SeienLC, he has been using the eoniputer a^ a "bilent 
laboratory partner," helping his students understand eoneepts ir* heat and light m a new wav. Hib 3Z students 
are teamed up in pairs using 16 microcomputers donated b> Apple. The software ib made up of mi^roLomputer 
based laboratory (MBL) materials, temperature probes, light probcb, and heat pulbarb for the cullcLtion of data, 
with accompanying curriculum materials, all developed b> the Technical Education Research Centerb in Boston. 

Kirkpatrick found that his students had reasonable intuitions about the effect of insulation on the tempera- 
ture of a liquid— gained from their prior experience with st>rofoam cups— and the relationship between \olumc 
of a liquid and the amount of heat that needs to be added to make it boil— gained from heating large and small 
quantities of liquid in the kitchen. However, Kirkpatrick's students, like other science students, had persistent 
misconceptions about other scientific phenomena. As he noted, man> students belie\ed ^'yo\A onl> have a tem- 
perature if you are sick," or "yoa have more hot chocolate, so yours is hotter than mine,'' or **temperature 
IS all the degrees, but heat only refers to temperatures that are above warm." Merely clling students how heat 
differs from temperature or having them read about it in a textbook has traditionally had little or no effect 
on these entrenched misconceptions. 

In the past, Kirkpatrick had clustered his students in small groups in a laboratory to study temperature. 
He had them observe water and moth flakes cooling, with some students ^.alhng out times and temperatures 
while others painstakingly recorded the data. Later, teams constructed graphs of their efforts and attempted 
to relate the curves on the graphs to key moments in the experiments. \X'hile students typically found these 
laboratory experiments more interesting and fun than a lecture or reading about temperature, the underlying 
cognitive concepts still did not seem to take hold. 

Doing the experiment w^th the MBLs, Kirkpatrick's students were freed from the tedious mechanics of data 
collection, enabling them to focus on changes occurring before their eyes as recorded on the computer. Having 
the computer simplified experiments that would otherwise have been confusing. Real time computer graphing 
was an antidote to their typically limited adolescent attention spans. His young experimenters, like "real" scien- 
tists, were able to use technological tools to collect, display, and analyze data, freeing them to concentrate on 
the effect of the experimental action, to observe, discuss, and analyze. Students were able to repeat their experi- 
ments easily when they had questions. They could also readily compare results with their fellow students, giving 
rise to lively class discussions about the meaning of the experiments. 

If the computer was the silent laboratory partner, w hat w as the teacher's role? Like any laboratory situa- 
tion, where students have a hands-on engagement with learning, the teacher became a coach. In this instance, 
Kirkpatrick found that most students at first completely trusted the data from the computer. It was Kirkpatrick s 
job to direct their attciktion, to help them become aware of sources of invalid data, to teach them to diagnose 
the causes and help them evaluate data the computer collected. He taught them to detect poorly calibrated 
probeSj discard data from such probes, and to recalibrate their scientific instruments. He guided their discussion 
to confirm their understandings. 

Kirkpatrick has been delighted by the interactions he has observed among the students, and presides over 
countless fascinating classroom discussions of complex science concepts. He iays, "I can't imagine a physical 
science laboratory without computers anymore/' 

'This is a nonfictton account of the activities carrtea out b> a real classroom teacher. Sev also Nlarcu C Linn, Uni.eri>U) of Cal»furn»a at Bcrkclc> , "Csmg 
the Computer as a Laboratory Partner. Cognitive Consc<|ucnccs," paper prcparcU for the s>mpostuiTi on Computers m Schix/L Cognitive anJ Social Proc 
esses" at the Second EARL! Conference, Tubingen, Germany, September 1987. 



in tests of information processing skills. In addition, 
teachers report that students using databases under 
stand underlying concepts and relationships better, 
work more cooperatively, and become more enthu- 
siastic about gathering and analyzing data. 



Acquisition of computer skills for general pur- 
poses, and for business and vocational training.— 
The most obvious use of computers and related tools 
in the classroom is to prepare students for the in- 
creasingly technological world they will face when 
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they leave school. Keyboarding and skill in using 
generic computer programs are replacing the early 
focus on programming for all students. Advocates 
of teaching programming to students argue that it 
is an important skill that can improve problem solv- 
ing abilities and has wide applicability to many areas 
of the curriculum, but research on the cognitive con- 
sequences of programming has produced mixed 
results. 

Access and communication for traditionally un* 
served populations of students.— Perhaps the most 
impressive applications of computer-based technol- 
ogies are in the field of special education. Some 
teachers have described the computer as "the free- 
dom machine" because it has made communication 
itself possible for their students. Word processors 
allow students who could not hold a pencil to write 
(see box 1-C); speech synthesizers provide some stu- 
dents with a means to communicate orally for the 
first time. 

Access and communication for teachers and stu- 
dents in remote locations.— Television via satellite 
brings classes in foreign language, calculus, and 
many other subjects to schools that cannot provide 
them because of the small numbers of students or 
because of the absence of specialised teachers. 
Declining costs of hardware and increased accessi- 
bility of telecommunications technology make dis- 
tance learning projects more feasible and efforts are 
expected to increase. 

In addition, electronic networks allow students 
and teachers to share information and experience 
acros cities. States, or continents, thus ending the 
isolation of the classroom. Several projects in sci- 
ence and writing using electronic networks have 
been particularly promising. 

Individualized learning.— The computer is inter 
active; a student's entry generates immediate feed- 
back. The increasing capacity of computer-based 
technology makes it possible to develop instruction 
that adjusts to each student's prior knowledge, rate 
of learning, and the nature and style of the student *s 
response. For example, technology offers some very 
promising applications for strengthening reading 
comprehension through analysis of the student s un- 
derstanding of th<^ text; intelligent tutoring systems 
in areas such as geometry can provide the learner 
with an expert and sensitive tutor, and "hypertext" 




Photo CFGdit: Michael Zide, Smith College 



For children like Mallory Sanderson and Matthew- 
Jenkins at the Clarke School for the Deaf, confiputers 
have opened new doors for learninp. 

systems can allow students to manipulate text, 
graphics, and different levels of information. The 
computer can also keep exact records of student 
progress, which helps the teacher determine indi- 
vidual student needs. 

Cooperative learning.— The new technologies 
can encourage cooperative learning. Telecommuni- 
cations technology , by definition, makes new forms 
of communication and cooperation possible. On an 
electronic network, students from many locations 
can gather information firom many sources. Teachers 
are especially enthusiastic about the ways computer 
simulations and problem solving software encourage 
cooperative learning in the classroom. Students of 
mixed abilities can be grouped in small or large teams 
to wrestle with tasks that cannot be performed in- 
dividually. 

Management of cbbSroom activities and record- 
keeping.—Teachers believe that technology eases 
some aspects of classroom management. There are 
reports that students engrossed in computers pose 
fewer discipline and absenteeism problems. Com- 
puter programs such as spreadsheets, database man- 
agers, and desktop publishing can streamline rec- 
ordkeeping and material preparation. In addition, 
computers make it easier to record the progress and 
determine the needs of individual students. As pres- 
sures for accountability rise, more testing and rec- 
ordkeeping are likely, even if they do not necessarily 
contribute to the learning process itself. 

Clearly the technology serves many functions well. 
Emphasizing a single use of technology now could 
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Box I'C— Writing By HandAVriting With a Word Processor* 

Jami is a youngster with some motor involvement who was in our writing group. At bchuul he was required 
to write all of his homework. He was required to write his spelling words 10 times ca^h by hand. This literally 
took hours. The example below is a sample taken from his final version of a paper he handed m on Garfield. 



Through the Daedalus Project we provided Jami with a computer, instruction on ke> boarding, word proc- 
essing, and writing skills following the Daedalus Writing Curriculum. What follows is an article Jami wrote for 
the Daedalus Nev/sletter during a retreat in March, 1987. 

Wrestlemania III, March 29, 1987 
BE THERE!!!! 

On March 29, 1987, m the Ponudc Silver dome m Michigan, there will be 90,000 screaming fans suffering 
from Hulkamanial!!! The feature match will be between Hulk Hogan and the 8th Wonder of the World. Andre 
the Giant. Andre the Giant is undefeated in his professional career which has lasted for 15 years. Hulk Hogan, 
on the other hand, has been the champion of the WWF for the past three years. It should be a darn good 
match between the 7 4 507 pound giant, and the 6 '8 ^ 325 pound Hulkster. You can be sure that Hulkamania 
will be running wild!!!!! Be there or be crushed!!!!! 

Jami can now complete his spelling assignments in 20 minutes. Jami is our first pubushed author, he has 
an article and a poem coming out in an upcoming JAYCEEs magazine. 



'The following text 15 cxtcrptcd Irom ConnSEh'SB Bulleun. Corincan^ut 's Spc*.tal Edui^auun KctWktvk .vx Svhwarc Evdlunuunj voL 5. N*o. 1, 0».tober 
I9S7. University of Connecticut, Storrs, CT. 



Stifle much needed innovation, initiative, and ex- 
perinientation. As researchers and practitioners 
gain experience with current technology, they are 
discovering neu educational uses and arc raising ad 
ditiunal questions about the learri»ng process. OTA 
concludes that Federal programs should not con- 
strain technology, but should allow, perhaps en- 
courage, flexibility of use by different districts. 
Many districts argue thai existing Federal regula- 
tion^ haiTiper their flexibilitv to move hardware and 
personnel according to their changing needs, or to 



increase the productivit> of equipment through mul- 
tiple uses. 

The need for studies evaluating different ap- 
proaches continues.— Research has covered some 
areas more than others, and missed some areas en- 
tirelv. For example, there has been some n search 
on the cost effectiveness of traditiorial CAI, find- 
ing it appropriate under specific conditions. But ef- 
fectiveness assessments of nev^er applications of tech- 
nology are needed, as are longitudinal studies that 



ERLC 



3') 



16 



follow groups of users over time. This kind of school- 
based research ic di^^cult and costly. Better data and 
sophisticated tools are needed to measure cost-effec- 
tiveness, and it is difficult to gather detailed admin- 
istrative data, apply economic considerations, meas- 
ure effects, and account for social and institutional 
variables. Most school districts and States do not 
have resources to conduct such research and evalu- 
ation. Federal research should include studies on 
both the educational effectiveness and cost-effec- 
tiveness of currently available technologies ad- 
dressing traditional goals, and studies of innov- 
tions that push the boundaries of learning and 
cognition. 

• Congress may wish to encourage evaluation 
and research on the uses of computers in 
education through existing Federal pro- 
grams, possibly by including requirements for 



formal evaluation in National Science Foun- 
dation (NSF) technology projects, or requiring 
that the effectiveness of technology in meet- 
ing program goals be measured in major studies, 
such as the $10 million comprehensive Chap- 
ter 1 evaluation study authorized by Congress 
to be conducted by the Department of Edu- 
cation. 

• Other initiatives that could provide data are 
the $30 million "Improvement Fund" aimed at 
improving the performance of students and 
teachers, the Secretary's Fund for Innovation, 
the Star Schools Program, and special educa- 
tion, bilingual education, and adult literacy 
programs. The Federal Government could pro- 
vide assistance in data collection, research de- 
sign, and dissemination of results. 



TEACHERS AND TECHNOLOGY 



Educational technologies are not self-implement- 
ing, and they do not replace the teacher. OTA finds 
that investments in technology cannot be fully ef- 
fective unless teachers receive training and sup- 
port. OTA has found many powerful examples of 
creative teachers using computers and other learn- 
ing technologies to enhance and enrich their teach- 
ing. But this does not occur unless four interrelated 
conditions are met; training in the skills needed to 
work with technology, education that provides vi- 
sion and understanding of state-of-the-art develop- 
ments and applications, support for experimenta- 
tion and innovation, and— perhaps most valuable 
of all— time for learning and practice. 

Recent studies show that most teachers want to 
use the newest tools of their trade and to prepare 
their students for the world of technology outside 
the schoolroom. But despite the presence of com- 
puters in almost all American public schools, only 
half of the Nation's teachers report having ever used 
computers. The number who use computers regu- 
larly is much smaller. Barriers to greater use include 
lack of equipment, inadequate or inappropriate 
training, and, for some, anxiety about new tech- 
nology. 



How Teachers Use Technology 

Asking how teachers use computers and what ef- 
fects computers have on teaching are questions 
almost as broad as "How do teachers use books and 
how do books affect teaching?" To no one's surprise, 
OTA finds that teachers' use of computers depends 
on their instructional goals, teaching approach, 
training, the software and hardware available to 
them, and the instructional setting. Some teachers 
use computer laboratories; some have units in their 
classroom. Some use the computer to teach lessons 
to the whole class; some emphasize individual in- 
struction. Some tic the computer tightly to their 
standard curriculum; some create a whole new cur- 
riculum. In general, teachers are moving away from 
teaching about computers and computer program- 
ming and toward integrating the computer into the 
curriculum. 

One of the most significant impacts of computers 
has been on teaching style. Teachers can function 
as facilitators of student learning, rather than in 
their traditional role as presenters of ready-made 
information. Because computers allow students to 
work on problems individually or in small groups 
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while the teacher urLulateb among theai, bome 
teachers find they are able to bee more of the learn- 
ing process. The interaLti\ e nature of Loriiputers lets 
students work at their own speed, figure things out 
for themselves, and learn from ea^h other. Teachers 
can be coaches and facilitators as well as lecturers. 

Given the right circumstariLes, teachers could 
choose the appropriate way to reach their students. 
With the computer and other tools, the range of 
opportunities increases. But teachers have to be al- 
lowed to choose, w illing to make choices, and qual 
ified to implement their choices effectively. OTA 
finds that, just as there is no one best use of tech- 
nology, there is no one best way of teaching with 
technology. Flexibility should be encouraged, al- 
lowing teachers to develop their personal teaching 
approach utilizing the variety of options offered by 
technology. 

To be sure, not all teachers are enthusiastic about 
the computer. Some report that it has caused little 
or no change in their teaching style or content. In^ 
terestmgly, these reactions often come in situations 
where teachers are frustrated by insufficient hard- 
ware or software, or when they have not received 
training or had opportunities to develop confidence 
in using computer tools. 



OTA finds that teachers who ha\e taught with 
computers agree that— at least initially— most uses 
of computers make teaching more challenging. In- 
dividualizing lessons, matching software to curric- 
ulum, scheduling student computer time, monitor- 
ing use, providing assistance, and troubleshooting 
—all add burdens to the teacher's time. While the 
computer car. minimize some administrative chores 
and ease classroom discipline problems, the net ef- 
fect is increased demand on teachers* time and 
creativity. Many teachers seem willing to trade off 
this increased time for more excitenicnt in the class- 
room and new opportunities to expand their horizons. 
OTA finds that very few teachers have adequate 
time for planning and preparing to use technology. 
Federal, State, and local policymakers should be 
aware of the need for teachers to study on their Own 
or in formal courses, to attend conferences and pro- 
fessional meetings, and to gain comfort with the 
technology and find applications for the classroom. 

Teacher Training in Technology 

A major aspect of the current drive to improve 
American education is the focus on raising profes- 
sional teaching standards and giving teachers greater 
responsibility and autonomy. Technology, while not 
yet central in these efforts, could be an important 




Photo credit: Computer Learning Month 

Teachers find different ways to use computers in their classrooms, with small groups and with their entire class. 
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lever for change. But the vast majority of those 
now teaching or planning to teach have had little 
or no computer education or training. The most 
recent data available indicate that only one-third 
of all K'12 teachers have had as much as 10 hours 
of computer training.'^ And much of this training 
focused on learning about computers, not learning 
how to teach with computers. 

The situation is no more promising for those just 
entering teaching. A recent national survey of edu- 
cation majors indicated that less than one-third (29 
percent) perceived themselves to be prepared to 
teach with computers.^' (See figure 1-5.) Although 
almost all teacher education programs provide some 
computer training for teacher candidates, many of 
these programs do not have adequate resources (up^ 
to-date equipment and faculty with expertise in tech- 
nology) to go beyond the basic introductory com- 
puter courses. They are also constrained by State- 
mandated reforms that define and often restrict the 
teacher education curriculum. Despite a nation* 
wide call to improve teaching, there is almost no 
Federal money for the training of new teachers. 
Congress may wish to upgrade the training of teachers 
overall* making understanding of technology an in- 
tegral part of their preparation, through various op' 
tions targeted to both students and teacher educa- 
tion institutions: 

• Grants and loans (forgivable or low^interest) for 
students entering teacher-training programs. 

• Funding to schools of education to support pur^ 
chase of equipment so they can have more cur- 
rent technologies available in their teacher 
training programs. 

• Grants to support workshops and courses to 
upgrade the technology skills of education 
school faculty so that the education program 
reflects changing philosophies and so that meth- 
ods courses demonstrate the application of tech- 
nology across the curriculum. 

• Demonstration grants for innovative teaching 
internships where electronic networks connect 
the student teacher to the education school. 

• Grants for research on methods of training 
teachers to use technology and funding for the 
dissemination of promising practices. 



^^Office of Technology Assessment, op. cit., footnote 7. 
^^Amencan Association of Colleges for Teacher Education, Teach' 
ing TcsLhers. Faa^ and Figurcb ^XVashington, DC. iVST). 



Figure 1-5.— Readiness to Teach: Perceptions of 
Education School Faculty and Student Teachers 
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SOURCE. Research About Teacher Education Project, Teaching Facts and 
Figures (Washington, DC American Association of Colleges for 
Teacher Education, i987). 



OTA finds that although preservice education is 
important, it serves only as a first step; training and 
the environment of support is even more critical 
once teachers are in the classroom. Teachers will 
need continuing inservice programs as technology 
changes, as more effective uses of technology are 
developed, and as research provides a better un* 
derstanding of how children learn. 

Inservice training in technology has unique re- 
quirements that distinguish it from traditional in- 
service activities. Most obviously, teachers need a 
well-equipped facility and an environment that al- 
lows them to explore and master the technology. 
In addition, inservice training in technology must 
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Box l*D*-i-New Hampshire's Computers 
for Teachers Program* 

The State of New Hampshire is taking an inno* 
vative approach.to developing teachers' confidence 
and competence in using computers. As a part of . 
the Odyernor's Initiative for Excellence in Educa- 
tion, $2.5. million in.State monies has funded the 
purchase of computers for teachers. The computers 
are.no t intended tp be kept locked iip in:the schools, 
but are for.the teachers* personal use, whether at 
home or at schobr or both. When teachers apply, 
for a cpmputer, they are also provided \yith sup' ^ 
port and materials-rtraping, software, and^maio' 
tenance. 

There is^no cost for the teacher to; participate, 
but the districts provide matching funds. T\yO' 
thirds of the. districts have participated; co 
uting an additional $1.25 million \to the Gomputere. 
for Teachers Project. Overall 1,950 of the' State's 
teachers have received a cpmputer tp take home ^ 
and completed initial training. 

'During the summer pf 1988, 130 of the teachers 
with computers will attend a. 2-week advanced 
training course. The, State hopes that these teachers 
will become trainers pf other teachers in their home : 
districts, forming ;»n active resource.netwdrk'tp exr 
tend the.impact of the available training funds 
($75,000). ^ ' 

Another aspect- of the Cover nor's^Initiatiye is 
the Technology in the Classroom project > which 
funded 62 demonstratipn projects supporting crea* ; 
tive ways'of using the cpmputer in the classroom. 
Thirty-eight projects involve videodisc applicatipns. } 
State officials estimate that these demonstration 
projects have influenced some 2^000 -teachers in 
ischools across the State. Taken together , these ef- - 
forts ihten^^^o invplve axritical-mass pf-teachers 
who becpu cTcomfortable in using cpmputere to eX' , 
tend their own productivity, andxan experiment 
with.and discover ways to use technology in their 
classrooms; 



*OTA State EducationalTcchnoIogy Survey, 1987. For more infor- 
mation, contact Governor's Steering Committee for Excellence in Edu' 
cation. Concord, NH. 



often overcome the experienced teacher's varying 
levels of ''technology anxiety." Instructors for these 
activities must appreciate teachers* special concerns 
regarding computers. Moreover, studies point to the 
critical importance of followup and continuing 
assistance. 

Federal si oort has contributed to the inservice 
technology vtaining of teachers, through NSFs 
Teacher Enhancement Program and various Depart- 
ment of Education programs (Chapter 2, Title II, 
Special Education, Title VII, Vocational Education). 
States have been major supporters as well (see fig- 
ure 1-6 and box I-D). The primary responsibility 
for continued professional development of teachers, 
however, lies with the local district. The amount 
of money the Nation s 16,000 school districts have 
spent on inservice technology training is currently 
impossible to track. What is clear is that many dis- 

Figure 1-6.— State Estimates of Sources of Funding 
for Inservice Technology Training^ 
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State funds b Federal funda*^ No State or 

Fedora! funds 

Source of funding 



^State technotogy coordinators were asKod to select the top three sources of 
funding (or technology at the local level. 

^StaVa funds include. 1) funds for technology training, 2) profcsstonai develop* 
ment funds or grants. 3) funds that flow through regional centers or districts, 
and 4) general State aid used at local discretion. 

^Federal funding Includes Title 11. Chapter 1, Chapter 2, and Spec.ai Education 
funds. 

SOURCE: Office of Technotogy Assessment, State Educational Technology Sur^ 
vey. 1987. 



triers have very limited funds available for inservice 
training in general; many a^o have limited facilities, 
resources, and expertise to prepare teachers to use 
tecl^n'^^''^^y. S^me 4^^tricts have developed working 
arrangements with ether districts, nearby universi' 
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ties, regional service centers, and combinations of 
these to expand their own capacity and expertise. 

Enhancing the resources of schools of education 
to provide technology education programs for entry- 
level teachers would also improve inservice pro- 
grams, as these schools often train working teachers. 

• Congress may wish to expand current Federal 
activities for inservice teacher training in 
technology. The NSF Summer Institutes for 
teachers are well regarded and could be ex- 
panded to include broader applications of 
technology in interdisciplinary areas. The De- 
partment of Education programs that include 
provisions for teacher training (e.g., Title II, 
Chapter I, Special Education, Bilingual Edu- 
cation) could be strengthened with greater re- 
sources targeted to inservice computer education. 
The Federal Regional Education Laboratories 
could be used to provide training for teachers. 
The National Diffusion Network, designed to 
share results of Innovative and effective pro- 
grams, could validate teacher training activities 
and provide greater dissemination of effective 
practices. 

Interactive technologies offer new possibilities for 
supporting teachers as they work. Teachers in sev- 
eral experimental writing and science projects use 
electronic networking to exchange information, de- 
velop lessons, and ask for help from iheir colleagues 
and project coordinators. Many find that network- 
ing is very convenient and efficient. Schools, State 
agencies, and regional centers are also beginning to 
make use of the communications capabilities of com- 
puters, using modems for networking activities such 
as electronic mail, information sharing, computer 
conferencing, and subject-oriented forums. Such 
networks have the potential to help overcome one 
of the most basic problems of the classroom teacher 
—isolation. (See box I-E.) 

• Congress may wish to encourage computer 
networking as an informal source of teacher 
support. This can be accomplished through ex- 



isting programs, such as the Special Education 
Resource Network sponsored bv the Office of 
Special Education, NSF's support for the elec- 
tronic network linking State science supervisors, 
or through demonstration grants funded un- 
der the Secretary's Discretionary Program. Fed- 
eral efforts could provide initial or partial sup- 
port for State, regional, or national networks 
that could link teachers and subject matter 
specialists or administrators. Some educators 
have begun to di.scuss the development of a na- 
tionwide, government-financed public school 
telecommunications network similar to those 
already functioning in government-sponsored 
civilian and defense research. Congress may 
wish to study further the question of network 
access and telecommunications charges, and 
whether these issues seriously inhibit teacher 
use of networks. 
• Congress can also expand opportunities for 
training teachers by satellite, microwave, or 
other distance learning technologies. Current 
funding for "Star Schools" could include teacher 
education programming, and funds for other 
demonstration programs could be increased. 

Finally, in considering ways to expand teacher 
training. Congress should be aware of the role 
played by the private sector. Computer companies 
and software developers, who want a market for 
their products, are also involved in training teachers 
and supporting their use of technology in the class- 
room. Apple, IBM, and Tandy, for example, offer 
discounts on hardware as incentives for teachers to 
use their technology. Several software publishers 
have reduced pricing on applications packages, e.g., 
word processing, database management, and spread- 
sheets, for the same purpose. In addition to spon- 
soring conferences and seminars, a number of com- 
panies publish guides or other resources especially 
designed for the teacher. These efforts, like indus- 
try cooperation in research and demonstration proj- 
ects, are very important resources that should be 
encouraged. 
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Box I'E.— New York State Teacher Resource Centers and Electronic Networking 

New York State's Teacher Resource and Computer Training Centers are professiunai development centers 
organized and run by and for teachers all across the State. The State has supported the centers since 1984. 
The centers have been extre»/iely popular with both teachers and State education offinals, as their rapid growth 
demonstrates. In 1984, there were 44 centers, supported by a $3.5 million State grant. Today, the number of 
centers has more than doubled, and State support has grown to $15 million. Local funds and links with other 
projects augment the centers* resources and activities. The centers serve approximately 77,000 teachers. 

The purpose of the centers is to give teachers a major role in their ow n professional development. Each 
center is run by a local governing board that assesses teachers' needs and training concerns, and sets policy 
for the center. At least half of the governing board members must be teachers from the area served by the 
center. Teachers generally conduct the courses for tl ir colleagues after school, on weekends, during the sum- 
mer, or during the school day, with provision made for release time and substitute teacher coverage. Most courses 
are free or available at a modest cost. 

Coordination with local universities is encouraged, and one member of the governing board must be a rep- 
resentative from higher education. This has led to innovative bridges between preservice and inservice educa- 
tion. Experienced teachers from the public schools serve as adjunct professors and teach methods courses at 
the university. It has also led to better coordination and oversight of student teaching internships in the local 
schools. 

Training and education in the uses of technology in the classroom is only one of six statutory purposes 
of the centers, but has, in fact, been a central focus from the start. Approximately 35 percent of the center 
activities have focused on technology. This interest in technology has evolved with the teachers' own changing 
perceptions of the role of computers in schools. Moving from "we need to know something about technology" 
to an interest in "computer literacy," the current focus is on "how can we use computers, videodiscs, and other 
emerging technologies effectively in the classroom?" Some centers offer outreach activitie.s, with specially equipped 
computer buses that travel to remote locations to offer training to teachers on-site. 

Telecommunications is a special area of interest. Some courses offered at one center are broadcast by satel- 
lite to teachers in other centers. In the process of learning how telecommunications provide access to a range 
of information services and databases, the teachers have also discovered how they can use electronic networks 
to communicate with each other w ithout regard to time, space, and geographical location. The Teacher Center 
Electronic Network, now in its third year, currently links all the centers across the State. Some 20,000 teachers 
have received training in its use and are users, either on the electronic bulletin board or by participating in 
ongoing computer conferences within regions or in curricular areas. The network allows teachers to share ideas 
and support one another in developing materials, conduct collaborative research, or serve as mentors to their 
less experienced peers. 

Many of the Cv nters are involved in a network project focusing on students "at risk." Although the network 
was intended originally for the exclusive use of teachers, in this project teachers have opted to open the network 
to specially targeted students who are provided their own "kid to kid" computer conference. The students have 
at least one class period a week of computer time in school to "talk" with other students about their communi- 
ties, their problems, their goals, and daily activities. The students are developing not just a facility in using 
the computer, but also increased writing skills and "technology chutzpah" which greatly enhances their self- 
confidence. The teachers, often L'^olated and frustrated by their work with these most challenging of students, 
are encouraging one another, learning from one another, and developing an important mutual support group 
via the network. 

SOURCE: OTA site vj*»5 and interviews, August i987. 
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EDUCATIONAL SOFTWARE 



More than 10,000 software products intended for 
instructional or educational use with stand-alone 
computers in schools and at home are on the mar* 
ket today. These products, which come on stand- 
ard floppy discs, typically aim at specific subjects, 
such as language arts or arithmetic (see table 1-2). 
They most often provide drill and practice. In some 
cases higher order skills such as hypothesis testing 
or concept development are featured, but such prod- 
ucts are in very thin supply (see table 1-3). Advances 
in graphics and sound technologies have led to crea- 
tive software for social studies, music, and other sub- 
jects that, unlike mathematics or business, are not 
commonly associated with computer-based instruc- 
tion. While mathematics programs still dominate the 
market, generic programs for word processing and 
data management are among the best sellers; many 
teachers seem to appreciate software that affords 
them wide latitude in classroom application. 

This industry, now a decade old, consists of about 
900 suppliers, the vast majority of which are quite 
small, averaging two full-time employees. Although 
total annual sales have grown, and are expected to 
reach $200 million by fall 1988, there are indications 
that commercial success may come at the expense 
of creativity and innovation. While many software 
titles receive favorable ratings from review agen- 
cies and professional computing magazines, there 
is a general consensus among educators (and soft- 



Table 1*2.— Distribution of Educational Software 


by Subject (N 


=7,325) 






Percent of 


Number of 




programs^ 


programs^ 




6 


427 


Computers 


5 


331 


English/language arts 


12 


894 




5 


356 




27 


1,971 




12 


869 




16 


1,148 


Social science 


8 


565 


Other^ 


18 


1,329 



^The sum of the programs Is greater than N because some programs aro assigned 
to more tha^^ one subject category. AccordingI/. the total of the percentages 
Is greater than 100 percent. Ail percentages were rounded to the nearest unit. 

*>The Other category combines 13 subjects (agriculture, aviation, business, driver 
education, earl/ learning/preschool, fine arts, guidance, health, homo ceo* 
nomlcs, Industrial arts, library skills, logic/problem solving, and ph/sicai edu> 
cation), each of which accounts for less than 4 percent of the total number of 
programs. 

SOURCE: Office of Technology Assessment based on anal/sis of data in the 
Educational Products information Exchange. Jul/ 1987. 



Table 1-3.— Distribution of Eduoational Software 
by Type (N =7,325) 




Percent of 


Number of 




programs^ 


programs^ 






1,107 




51 


3,708 


Tutorial 


33 


2,447 


Concept demonstration 


3 


216 


Concept development 


4 


270 


Hypothesis testing 


1 


91 


Educational games 


19 


1,425 




9 


669 


Tool programs 


11 


807 



^The sum of the programs is greater than N because some programs were as> 
signed to more than one category Accordingly, the total of the percentages 
is greater than 100 percent. Ait percentages were rounded to the nearest unit. 

SOURCE Office of Technology Assessment based on analysis of data m the 
Educational Products Information Exchange, July 1987. 



ware publishers as well) that the quality of educa- 
tional software could be much better. 

What are the ebsential problems in this market? 
Aside from generic products that are applicable to 
many subject areas and grade levels, most instruc- 
tional programs can reach only a small niche of the 
school system. Development and marketing costs 
are high relative to expected sales revenues. Surely 
some innovative products can become commercial 
"hits." But, in general, software producers have a 
strong incentive to reduce costs and lower the risks 
of entering this market by producing software that 
is easy for teachers to adapt to their traditional cur- 
ricula. 

This propensity toward producing familiar instruc- 
tional materials is not limited to small entrepreneurs. 
OTA finds that large firms, with greater capital re- 
sources, do not necessarily take larger risks; inte- 
grated learning systems, for example, have a greater 
chance of being attractive to school districts if their 
content is closely linked to textbook materials and 
tests. These systems, which are currently manufac- 
tured by about a dozen companies (with total reve- 
nues last year of about $100 million), have been 
provided in response to the call for greater account- 
ability and improved performance on standardized 
tests, but they may be less well suited to educational 
improvement strategies that make the teachers more 
autonomous in the classroom. 

OTA finds that software manufacturers tend to 
play it safe. They produce what teachers will buy, 
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Students choose the "fields" that will appear 
in the mini-databases they create as they 
record their observations. 



TEHP tofSS PRECIFI 

<PS> PONDEROSA'SHRUB 





Using the simulation "Henry's Plants," they 
can observe plants growin^i on seven different 
sites In the Henry Mountains. 
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Record/Change 0*tA 
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students can see close-up views of each site 
and choose to observe specific plants. 




Students use the database to record the data 
they need to solve each problem. After gathering 
their data, they summarize their answers and 
receive a printout of the problem, data, 
and answers. 

Photo crodlti Wasatch Education Systems 

In studying plant classification, students apply their knowledge by using a simulation and 
a database manager to solve problems in science: 



and teachers usually buy products that are famil* 
iar. The potential result is a relatively homogene- 
ous set of products that fall far short of the possi- 
bilities provided by the new learning tools. 

The problem of a fragmenced market is aggravated 
by information barriers, difficulties in enforcing in- 
tellectual property rights, and the incompatibility 
of hardware and operating systems. Knowledge of 
the idiosyncratic processes by which school districts 
around the country acquiie instruuional materials 
place experienced companieb (textbook publibherb, 
for example) at signifn-ant market advantage over 



newcomers, Uiiauthorized duplication of software 
programs, as well as theft of broad software design 
principles, continue to plague the industry; and the 
presence of different computers in the schools, with 
different operating systems, raises development costs 
for publishers in pursuit of market share. The com* 
mercial market may be viable, but there is substan- 
tial concern for the long-term quality and diver* 
sity of its products. 

The continued development of affordable and 
effective educational software is critical to the 
success of interactive technology in schools. Yet, 
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for all the reasons cited above, reliaiKc on the pn 
vatc sector alone will probably not yield aa ^vie 
quately diverse, innovative, and responsive set of 
educational software products. State and lowal gov 
ernments, and even the Federal Government, have 
roles to play in bringing forth affordable and effec- 
tive educational software. 

OTA does not suggest that the Federal Govern- 
menc go into the software development business. 
The following policies might be used to strengthen 
commercial development of these products: 

• Underwrite software research and develop- 
ment (R&D). Tliis is a "technology push" strat- 
egy that could reduce the risks faced by soft- 
ware developers. There are a number of existing 
programs available to provide support for soft- 
ware development; NSF s Advanced Applica 
tions of Technologies and the Instructional Ma 
terials Development Programs;" the National 
Aeronautics and Space Administration's com 
puter software and interactive videodiscs ma 
terials development programs for space seienee 
and aeronautics education, the Department of 
Education programs for materials development 
for special populations (bilingual education, spe- 
cial education), and priority topics (at risk 
youth, drug education), as well as the Depart 
ment of Education s research support to the Rc 
gional Education Laboratories and National 
Research and Development Centers; and the 
Department of Defense (DoD) R&D support 
for improved basic skills training and cognitive 
science applications for more powerful educa 
tional software. 

• The Federal Government could help States or 
districts develop joint mechanisms for defin- 
ing software needs, encouraging developers, 
and acquiring software. One effect of this ap- 
proach would be to alleviate the diffi^ultv soft 

'•For example* a panel of education leaders and publishers convened 
by the Naitonal Science Foundation recently recommended that the 
government underiakc ini.o\ati\e jnd ri^ky de\t:lupment of iompre- 
henM\<. >vift\\ jrc in arc.i^ of crit.c.il lutivisuil tmtAirtaiKC. TIil pjiicl'd 
principal finding was". . . in the absence of private sector invescmont 
in the computer curriculum necessary for school superintendents to 
experiment with iliesc options, tlie Federal Guvcrnmeni should >uU». 
dizc their de\c!upment at an chtmiaied coh uf $2C milhctit Lt ci^la 
secondary school science and mathematics courses," Artliur Mehned 
and Robert Burnham, New York University, "New Information Tec!)* 
noiogy Directions for American Education," repurt prepared for the 
Naitonal Science Foundation, December 1987. 



vvarc developers face in attempting to serve a 
fragmented market. Federal and State support 
need not imply Federal or State control of prod- 
uct development or utilization, school users 
should define their Own educational software 
needs. 

• Support increased acquisition of more power^ 
ful and capable hardware. This "market-pull" 
strategy would complement software develop- 
ment efforts. With more computers accessible 
to students, demand for educational software 
products will probably increase, which will in 
turn ameliorate the financial picture faced by 
potential developers. 

• Expand existing State programs for software 
review and evaluation. One of the problems 
of software review is that it focuses on techni- 
cal program qualities (such as screen resolution) 
rather than on instructional effects. But evalu- 
ating the latter is a much more ^osdy under- 
taking, which the Federal Government oould 
better afford than individual States. In addition, 
there is a need for more systematic dissemina- 
tion of evaluation findings of various e.\isting 
review organi2ations. 

• Fund research on ''system portability." If all 
schools used the same computer, software de- 
velopment costs would decrease. However, che 
choice of a standard might prematurely arrest 
hardware R&.D, and might lock schools into 
systems that meet short-term goals at the ex- 
pense of long-term progress. The Federal Gov- 
ernment could reduce the problems arising fi*om 
incompatible computer systems if it were to con- 
tinue to support research on the development 
of transportable codes that would make pro- 
grams written for one kind of computer com- 
patible with other kinds of computers. 

• Develop effective intellectual property rights 
strategies. Industry associations and academic 
consortia have been active in presenting to the 
public their case against unauthorized duplica- 
tion of software. The Federal Government 
could help to facilitate agreements between 
State education agencies, software publishers, 
and school personnel on site-licensing, limited 
copying, and the development of pricing and 
distribution models that are compatible with 
the interests of software publishers and the 
educational community. 



39 



25 



RESEARCH AND DEVELOPMENT 



The Federal Role 

Today's most promising educational technology 
products are the result of Federal investments in 
R&.D since the 1960s. These were developed with 
very modest levels of funding, and despite poor orga- 
nization of the Federal R&.D effort in education. 
Direct Federal funding of R&.D for Lomputcr bascd 
educational technology is about $200 million per 
year, a tin) fraction of the bilhunb committed to 
other major categories of Federal R&.D. Only $20 
million of that is provided through the Department 
of Education. Investment in educational technol- 
ogy R&.D has fallen since the mid- 1980s. Federal 
policy for research on technology for the Nation's 
students has been and remains erratic and disor* 
ganized, making it difficult tc move from basic re- 
search to development, testing, and dissemination. 

There is no lead agency for educational technol- 
ogy and no coordinating structure across agencies. 
Despite this, individual agencies have played impor- 
tant roles. DoD took the lead in developing com- 
puter technology and applying it to education and 
training, beginning with early development of the 
computer and CAI. More recendy, the military serv- 
ices have supported basic research in artificial in- 
telligence, as well as developing prototypes and soft- 
uare for videodisc and interactive learning and 
training systems. 

KSF has had a major impd*.t on edu*.ationai tcxh 
nologies in use in s*.hools today, although funding 
has varied greatly and emphasis shifted widely over 
time. In the past 2 years, there has been a substan 
tial increase in funding for advan».ed development 
of software and systems involving artificial int(5lli- 
gence, authoring languages, problem solving tools, 
tutors and expert systems, and applications of tech 
nology to formal and informal learning envi- 
ronments. 

The Department of Education's research bud- 
get has always been a small percent of its overall 
funding, but even this figure declined dramatically 
in recent years. From 1973 to 1986, total Depart- 
ment of Education spending increased by 38 per- 
cent (in constant dollars). In the same period, re- 




Pttoto credit: Oiiice of Ubraty Programs. U.S. Department of Education 

American schools hav<; long sought to provide the 
most up'to-datG resources for education. 

rearch, statistics, and evaluation spending fell by 69 
percent (in constant dollars).** 

Viewed another way, these reductions in resources 
for educational research, statistics, and evaluation 
were more severe than for other Federal agencies 
with similar missions. Overall Federal research funds 
grew dramatically between 1980 and 1984, but funds 
for tlv- Witional Institute of Edu^-ution dcvlined by 
45 percent. Similar drops were reported for statisti- 
cal and evaluation funding in the Department.'* 



^p<XItlta^v^ the National Institute ot bdu^ntion cxpcriciucJ a 7*^ 
|K:Ucti' rcJu^tivMit Tiic NaUv'iiiil CcliCcf { lIJu^.ttiunaI Stati>tio a 
65 i>crv<;m reduction. .J tht. Offi«.c of P! jiintng, Bu Jgct> and i;\ alua 
tion 4i 64 iwcent reducti on ti\ conist.mt 1^^72 dollars. Eleanor Chcltmsky* 
director. Program Ev.iluation and Methodology Division, General 
Accoutiting Office, te^t»monv before the House Committee on Edu' 
vatiufi and Labor, SuKummitfct oi\ Seie».t Edu^.ation, Apr. 2C, I'JSS, 

p. s- . 

^Whilc tnc in\v5tment tn ^Ui -ital .ittiuty m other statistical agen- 
civ> dcvitiKd b> lis (xrccric Lc(%tccri I ^SC ar^d I ^S4, the N*ac tonal Cen- 
ter for Ediic.ttion S(att>ttc> cA^^cncn^cd a ZS percent reduction. And 
while ren^urces for evaluation in nondefense Federal departments and 
agencies dropped b\ 37 percent, the Department of EducjtionV fundi 
^pc^t Ktu evaluation vontracts declined by c3 percent. Ibid, p. 9. 
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Support for R&D in technology dropped as welL 
Although important work was done on CAI in the 
1960s, television programming in the 1970s, and neu 
technology initiatives in the early 1980s, technol- 
ogy has been deemphasized by the Department since 
1984. The Office of Educational Research and 
Improvement has supported feu new technology 
projects. 

In those instances where R&D funding for edu- 
cation has been focused and consistent in the Dc' 
partment of Education and the National Science 
Foundation, the results have been positive and 
dramatic. Examples include technology for students 
with special needs: the physically and emotionally 
handicapped and the learning disabled; the devel- 
opment of children's television programming from 
Sesame Street to Sciiare One TV\ and the devel- 
opment of LOGO. 

Support from the private sector— industry and 
foundations— has also been important. Examples are 
many and varied, ranging from IBM's development 
of the Writing to Read program, Apple's Classrooms 
of Tomorrow, which explore how an intense com- 
puter environment affects teaching and learning, up 
to the recently created Institute for Research in 
Learning, supported by the Xerox Corp. Without 
such private sector support, educational technology 
would be greatly impoverished. 

The Future of R&D 

Research in the cognitive, social, instructional, 
and computer sciences is changing our understand- 
ing of learning and teaching. Such research inves- 
tigates education from the learner s perspective, in 
contrast to the curriculum-centered approaches of 
past research. Using the learner as the focus of study, 
it examines the process of learning: the learner's ini- 
tial level of understanding, how preconceptions or 
misconceptions affect understanding, where blocks 
to new understanding exist, and how these can be 
overcome. 

This research, when combined with the power of 
computer-based technologies, has made possible the 
development of a number of promising innovations 
for education. These include: 

• intelligent tutoring systems that can make the 



services of an expert and sensitive tutor regu- 
larly available to the learner; 

• use of the computer as a flexible multimedia 
controller, adding the richness of video, graphic, 
and audio representations of information; 

• simulations, exploratory laboratory experiences, 
and increasingly complex microworlds that 
build student understanding through explora* 
tion, manipulation, and guided discovery; 

• integrated tools or "intelligence extenders" that 
enable learners to move from lowlevel tasks and 
concentrate instead on more cognitively de- 
manding tasks; 

• new assessment techniques that track learning, 
diagnose students' conceptual understandings, 
and evaluate the attainment of a range of skills; 

• new design/knowledge kits that enable teachers 
to create and shape their own teaching materi- 
als; and 

• new curricula based on a changing vision of 
skills students need in the information age, shift- 
ing emphasis from what to learn to how to 
learn. 

OTA finds that the promising developments of 
learner-focused research will not reach full poten- 
tial unless a number of important barriers are 
overcome. Researchers need costly hardware and 
advanced systems for R&D. There are shortages of 
researchers available to do interdisciplinary educa- 
tional R&D. Extensive testing of materials and pro- 
cedures in the schools is necessary. Technologies in- 
stalled in schools today are not powerful enough 
to run sophisticated software applications suggested 
by advanced research. Commercial, industrial, and 
military applications have been the driving force in 
the marketplace for expert systems and other inno- 
vations, their requirements are seldom those of the 
schools. 

Much closer ties between the research commu' 
nity and the classroom are needed. A new dialog 
must be established among teachers, researchers, 
and school administrators. Teachers need to be ex- 
posed to and be part of new breakthroughs in edu- 
cation; researchers need a healthy dose of classroom, 
realities. Classroom trials are essential to ongoing 
development and necessary to assess what works. 
The problem is that this takes time and funding. 
Contributions from many disciplines will also be re- 
quired. 
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OTA finds that, if educational technology is to 
reach its full potential, the level of funding for 
R&D must be increased. The Federal Govern* 
ment must take principal responsibility for re* 
search, development, and demonstration in educa* 
tional technology. Very few States, and fewer 
districts or individual schools have the capacity to 
conduct large-scale research. They also lack the ca- 
pacity and incentive to disseminate products and 
findings. Moreover, the needs and opportunities to 
improve learning cross district and State boundaries. 
Business and private foundations can and should 
be part of the R&D effort, but only the Federal Gov' 
ernment can provide leadership, pull together re- 
sources, and coordinate dissemination of results. 
Congress could build on existing programs: 

• Increase funding and target research, devel- 
opment, dissemination, and evaluation in ex- 
isting Federal R&D programs in various agen- 
cies. Congress could plan percentage increases 
in R&D budgets for educational technology ef- 
forts in the Department of Education, NSF, and 
the basic cognitive science research components 
in DoD for individual researchers and research 
centers. These grants and contracts couid re- 
quire school system collaboration as well as re- 
quire contributions from the private sector to 
leverage Federal dollars. 
Set up mechanisms for Federal agencies con- 
ducting R&D in educational technology to 
pool resources, share information, and work 
more closely. It is particularly important to en- 
courage technology transfer from the military 
to the civilian education community, since the 
military funding for technology R&D in edu- 
cation and training is seven times that of the 
civilian sector. Cooperative efforts could include 
interagency funding and co-sponsored program 
meetings and conferences. Congress could also 
request an annua' x biannual report that, a) 
reviews the activities of all Federal agencies in- 
volved in educational technology, b) identifies 
opportunities to transfer technology from one 
type of activity to another, and c) recommends 
future research. 

Both these options could strengthen existing pro- 
grams and allow for diversity of efforts. In light of 
the versatility and broad applications of new infor- 
mation technologies, diversity is desirable. However, 



these options carry the risk that technology efforts 
would have to compete with other Federal priori- 
ties for funding, as well as with one another, and 
no lead agency would emerge. Furthermore, inter- 
agency efforts are difficult to Larry out. Moreover, 
without a concentration of resources and strategic 
planning on technology tor education, it is difficult 
to make long-term investments. Valuable opportu- 
nities for education might be lost. Congress could 
support new initiatives to make significant 
changes. Policy options include; 

• Create centers for interactive technologjy and 
education. Centers would conduct research, 
development, demonstration, evaluation, and 
dissemination of educational technology proj- 
ects, and would be tied closely to schools. This 
option would expand considerably current Fed- 
eral and private seccor R&D efforts'' in terms 
of the scale of effort, level of funding, and long- 
term commitment. Centers should make it pos- 
sible to attract and retain the best and bright- 
est researchers from interdisciplinary fields to 
oversee projects from initiation to final evalu- 
ation and to distill and disseminate information. 

• Create technology demonstration schools. 
Demonstrations would marshal all school re- 
sources (equipment, curriculum, teachers, 
administration, community, and parental sup- 
port) for integrating technology in the daily life 
of the school. Evaluation of the educational ef- 
fects of a technology-rich school environment 
w ould be a key element, especially if these sites 
were connected to university and other research 
centers. 

• Develop a national education futures initia- 
tive that would include research, develop- 
ment, and demonstration in educational tech- 
nology. This effort would pull t ^gether at the 
national level research, development, and dem- 
onstration; teacher training; software develop- 
ment in areas of critical need; longitudinal and 
comparative evaluations, and dissemination activ- 
ities. Congress could include a bunset provision, 
perhaps using the year 2000 as an endpoint."*^ 



Fur example, the Department uf EJucattufi a EJutatiunal Techno!^ 
ogv Center, or the newly formed Institute for Research on Learning, 
initiated by the Xerox Corp. 

"Models for this level of effort include th*; Manhattan Projctt in 
atomic energy and the Apullo M4j>Mun tu put a man un the Moon. 
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An effort of this magnitude would require 
establishment of a coordinating body or new 
institutional arrangement. One model is the 
British "quango,"'' a quasi-autonomous non- 
governmental organization that works closely 
with government on social policy issues. Such 
an education demonstration research corpora- 
tion—with technology as a major area of study 
—could bring together educators, funders, pro- 
gram operators, and researchers to support basic 
research and carry out rigorously designed 
development, demonstration, and evaluation 
projects. 

Both these programs sprang from a scn5e of national emergency ar.J 
concentrated human, financial, and technological resources in a clearly 
articulated strategic plan of action. A national education futures ini- 
tiative would not ha\c the simpK Jcrined tcchniLal goal that charae 
terized Manhattan and Apollo, but would focus national resources and 
provide momentum and commitment. 

-'Major R. Ouens, chairman, Houit. Sulxommitiec un Sciixt Edu- 
cation, Committee on Education and Libor, "Opening Siatcment/' 
Oversight Hearings on the Office of Educational Research and Improve- 
ment, Apr. 20-21, 198S. 



Finally, Congress may wish to consider new ini* 
tiatives in international cooperation for educa* 
tional technology R&D. The European commu- 
nity, Canada, Australia, Japan, Israel, the Soviet 
Union, and other nations are embarking on major 
efforts to use interactive technologies to improve 
education. The United States and these countries 
have common concerns, experiences, and outcomes, 
despite varying educational goals and cultural differ- 
ences. Congress may wish to consider U.S. involve- 
ment in cooperative efforts such as sponsorship of 
conferences, exchange of researchers, electronic net- 
working, and joint funding of projects. There are 
models for international scientific cooperation al- 
though little has been done to date with coopera- 
tive activities in educational technology R&JD. Con- 
gress may wish to study this issue further, to identify 
the U.S. position with regard to other countries and 
to consider ways in which international efforts could 
proceed. 
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Chapter 2 



Interactive Technology 
in Today's Classrooms 



WILL BE ONE T>C 13 SCHOOLS LOCATED 
WTKN JcFFEKSON CaHTY TO PfiRTCPPTE 
IN THE MLiLTHnEOW FMR TO BE HELD AT 
THE OFFICES OF TME fiLfiBftrw POWER C-0.. 
WE MLL BE 0:SPLAt'!NG SCtlE OF T^€ WAYS 
THAT J1ULTW1EDJA HAS BEEH USED TO 
HHHAHCE T>C CURRiaiLU« AHD HELP BfONG 
riAN-f nORE TEACHERS A^O STUDENTS W 
C0NTAC:T WTTH HGH-TECH EQUIPMENT THAT 
NORMP,LLY WOULD EE OUT OF THEIR REAT' 
THIS PRa.€CT HAS ALSO Pt«MDED THE ^ 
SPARK THAT HAS LED TO HEW USES FOR^^ 
OUR GOOD "OLE CO«FUTERS! 



^1 


1 MULTI-MEDIA 
MEANS MORE 
1 MOTIVATION 





AS THE FFTH GRADERS WORK TOWARC 
FlNiSMNG THEIR STIOY OF GOUERNMENT AKO 
THE CONSTrrUTlON, THEY DECCED TO HOLD 
aASS ELECTK>tS. THtS WOULD GIUE THEM A 
FEEL FOR THE REAL THNG. THE STUDENTS 
REALIZED THE POTENTIAL rUJLTHMEKA C^D 
HA'^E (N THEIR CAMPAfGHS. T^€ PAPER BEGAN 
TO FLY? BANNERS WERE rWOE, FACES !<£R£ 
DIGITCED, CW1PAIGN SPEEC>«S WERE WOEO 
TAPED AND THE SLISPENSE GREW. AFTER ALL 
THE HARD WORK, THT WES M£P£ TALLIED^ 
At^ THE BEST PERSONS TASTED UlCTORY.^ 



SIXTH GRADE. 

EXPLORES 4; 
SOUTH OF" - — 

H 

E 

BORDER 

OUR CLASS HAS 
BEEN STUDYING ALL' 
ABOUT MEXICO. \ 
EN^tOYED USING 
THE MULTHMEDIi 
SAI'lCiBOXw««J»l»l»J"f' 





irtai on-ucni-o iruiv\ 

ABOUT THE PAST. AS 

- PEOPLE. iE^USED.--^^ 

KULTI-rtEDiA ttATERJALS / TO 
ADO AH EXTRA De€N9W , 
AS EACH STIOENT (>J^-^ 
A P*RATE AND PRESEmH)!? 
THEMSELVES ON A U€EO, 




2nd GRADERS CELEBRATE 
THE 1st THANKSGIVING 



AFTER STUDYING ABOUT THE PlGRttJS 
.m T^€ PRCBLEMSTHAT THEY HAD TO 
PUT UP WlT^^tIfc EfclOED TO HAUE^OUR^ 

---^ 



OWN Tfm<MU}fr« C^LEBRA^^^^ EACH 
CHOSECW? FAUORTTE CHARACTER AND^^ 
OPxESSED FOR THE PART. WE ALa\MADE 
CRAf«gRRY SAlflS AND ""^ " 

parei:ts 

AND : 
AS IE 
TWS TttlE . 
IE MADE A 
OF THESE 




lUITED OUR 
*J0 COME 
OUR FEAST 
"-[CREATED 
... HISTORY. 
.HDEO TAPE 
TIUTES. 



ALL T>€ CREATWE 
STUDENTS AND 
FAaiTY OF SHADES 
MOUNTAIN SCHOOL 
IN THER FIRST FILM 
FEATURING THEIR 
FABULOUS FExT» ■ 




Credit: Shades Mountain Elementary School, Hoover. Alabama 
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Chapter 2 

Interactive Technology 
in Today's Classrooms 

The information age has arrived, and most societal institutions 
are experiencing profound changes as a result. 

Samuel Y. Gibbon^ 

FINDINGS 



• There are currently between 1.2 and 1.7 million 
computers in U.S. public schools. Over 95 per- 
cent of all elementary and secondary schools now 
have at least one computer intended for instruc- 
tional use, compared to 18 percent of schools in 
1981. 

• The current installed base provides an average of 
1 computer for every 30 children enrolled in U.S. 
public schools. School size as well as socioeconomic 
status of students are important determinants of 
the ratio of students to computers. However, aC' 
tual student utilization of the technology depends 



'Samuel Y. Gibbon, "Learning and Instruction in the Information 
Age," What Cxirnculum for tbelnfon tation Age! Mary Alice White 
(ed.) (Hillsdale, NJ: Lawrence Erlbaum Associates, 1987), p. 1. 



on many other factors, including the organiza- 
tion of computers in laboratories or classrooms, 
the availability of appropriate software, and the 
presence of qualified and interebted instructors. 

• Differences in access to computers between black 
and white students have abated as more schools 
have acquired computers. Gender differences in 
student access and utilization tend to dissipate 
when computer use is highly structured and closely 
linked to the curriculum. 

• Acquisition of video technology by schools has 
grown appreciably, following the pattern of com- 
puter acquisition. Today some 91 percent of all 
public schools use video technology (videocassette 
recorders, VCRs) for instruction. 



ADOPTION OF COMPUTER AND VIDEO TECHNOLOGIES: 

A DECADE OF GROWTH 



Currently there are between 1.2 and 1.7 million 
computers in U.S. public schools." Since the 1981 
academic year, when data on computer use in 
schools began to be collected, the number of pub- 
lic schools with computers has grown from about 
15,000 to about 77,000, representing an average an- 
nual increase of about 11 percent (see figure 2-1). 



^Market Data Retrieval, Inc. and Quality Education Data, Inc», the 
leading market research firms specialmng in school technologies, esti* 
mate the 1988 total at abuut 1.2 million available for instructiunal use. 
TALMIS, on the other hand, a firm that collects data on the com 
puter industry more broadly, reports a total current base of 2.03 mil* 
lion, of which about 375,000 are in private schools. Finallv» T.H H 
Journal^ a pro»ninenr educational technology magazine, reports the high- 
est figure, 2.1 million overall, wMth 1.7 million m the public schools, 
based on their recent survey. Variations among these estimates are due 
largely to differences in sampling methodology and timing of burvcvs>. 



Peak growth occurred between 1983 and 1984, when 
55 percent of the schools without computers ac- 
quired at least one (see figure 2-2). There are now 
computers in at least 95 percent of the 81,000 pub- 
lic schools (see figure 2-3). 

School adoption of the VCR, easily the second 
most prevalent new technology of instruction, started 
off a bit more slowly. In 1982, for example, when 
37 percent of the schools had computers, only 31 
percent had video. But by 1987, some 91 percent 
of schools were using video, close to the 95 percent 
that had computers^ .(see figure 2-4). 

This record of growth is impressive, and clearly 
suggests a widespread willingness on the part of 

'Qudlity Educ«»tioii Ddtd, Iric, pcrborial communication. May 1988. 
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Figure 2-1.— U.S. Public Schools With Computers, 
1987-88« 
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^Total number of U.S. public schools* approximately 81,000. 
SOURCE: Off ice of Technology Assessment based on data from Market Data 
Retrieval, Inc.. and Quality Education Data, inc » 1988, 

school districts, schools, teachers, and parents to 
explore the pcstMbilities of the new learning tech- 
nologies. Schools have not embraced the new in- 
formation tools a., enthusiastically as American busi- 
ness firms, where office automation and computer- 
based data processing are ubiquitous; but they have 
shown an extraordinary eagerness to adapt these 
technologies to classroom teaching and learning. 
According to at least one prominent educator and 
advocate of increased use of electronic information 
tools, the U.S. has quickly become a world leader 
in its attempts to integrate computer-based learn- 
ing in public schools.^ In a period of less than 10 
years, computer-based technologies were introduced 
to students with quite different intellectual and be- 
havioral needs by teachers and administrators of var^ 
ied backgrounds, experience, and technical skill, 
working in schools of diverse demographic, racial, 

^Speaking at the I Natiunal EJucaitonal Cumpuiing Cun/lrciicc 
in Philadelphia, Mar> Alice \X*hite nuttJ that American public &chuul 
adoption of computers in the la^t 7 ycari. was the Iargc5»i and fasic^w 
in the world. 



Figure 2-2.— Annual Rate of Adoption of Computers 
in U.S. Public Schools, 1981-87« 
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^This graph shows the annual acquistlionof computers among schools which 
had no computers in the previous year. 

SOURCE: Office o* Technology Assessment based on data from Ouallty Educa- 
tion Data, inc., 1988. 

ethnic, and economic composition. Indeed, the 
available evidence points to a remarkably high rate 
of use: as of 1985, the latest year for which such data 
are available, lesa than 5 percent of the computers 
or ttumnals on school premises were not in use."^ 

Effects of Widespread Distribution 

These growth statistics tend to obscure an impor- 
tant fact about the rate and magnitude of computer 
acquisition. As of 1985, only half of the computer- 
using high schools and 6 percent of the computer- 
using elementary schools had 15 or more computers 
in any one classroom; it is dou nful whether all or 
even half the students in typical classrooms had ac 



^his figure IS based on unpublished data from Henry Becker sur- 
vey uft.LhuuI use uf compuierb. [or mure infurinatiun un this survey 
&CC Henry Becker, Center for Social Organization ot Schools, The Johns 
Hupkiiii Universty, "Instruct tonal b^cs of School Computers. Reports 
From the 1985 National Survey," Issue No. 2, August 1986. 
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Figure 2-3.— U.S. Public Schools With At Least One 
Computer, by Grade Level, 1981*87 
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SOURCE: Office of Technology Assessment based on data from Market Data 
Retrieval, Inc., 1988. 

cess to computers.^ Most schools still do not have 
the quantity of computers that would be necessary 
to make them an integral part of the instructional 
day. Note, however, that the available data show 
differences by grade level in acquisition patterns and 
in the size of the installed base. As shown in table 
2-1, very few elementary schools have a large num- 
ber of computers, while over half the high schools 
do. 

Broad diffusion of the new technology character- 
ized the first decade of thib instructional innovation. 
Perhaps a more selective introduction of computers 
and software could have been more effective at 
achieving certain well-defined instructional goals." 

'"Henry Becker, Center fur SoluiI Organization uf SlHuuIs, The 
Johns Hopkins University, "Inslructiunal Uses uf SlHooI Computers. 
Reports From the 1985 National Survey," Issue No- 1, June 1986. 

'See, for example, James \V. Guthrie, "Campaign '88 p»nd Education: 
A Primer for Presidential Candidates," f/ii Delta Kopp.m, vuL C9, Nu, 
7, Mareh 1988. The author writes "The prevailing strategy for intro 
dueing computers in U.S. edueatiun has not been tu find effective ways 
to supplement human mstruetion, but lather to ensure thai caeh itu 
dent has an equal, if inadetiuate, number uf miuutcs eaeh day on the 
computer" (p. 516). 



Figure 2-4.— VCRs and Computers in U.S. Public 
Schools, 1982-87 
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SOURCE- Olhce of Technology Assessment based on data from Quality Educa- 
tion Data. Inc.» 1988. 

There is a general consensus, however, that decen- 
tralized acquisition and implementation created an 
exploratory atmosphere in which students* learn- 
ing styles, teachers pedagogical methods, and vari- 
ous approaches to software design could be tried.^ 
Preliminary results from this "natural experiment" 
are just now coming in (see, for example, chapter 
3), and while there is already a basis of data on which 
to formulate strategies for the next round of tech- 
nology Implementation and utilization, there is still 
a need for open-mindedness and ongoing evaluation. 

Student Access to Computers 

Today *s inventory of school computers translates 
to a rough average of 1 computer for every 30 chil- 



Fur an alternative view espousing greater State-level targeting of 
eumputer resuuaes, see Stanley Pogrow, 'Tuiiey RetommenJations for 
Developing Appropriate Uses of Technology in California Sehools," 
testimony before tlie Assembly Committee on Eeonomie Development 
an J Kew Teehnologies, California State Legislature, on the Edueational 
Technology Local Assistance Program, Jan. 5, 1988. 



ERIC 



i8 



34 



Table 2-1 Distribution of Schools by Computer Inventory, 1987-88 

Number of computers 



Schools with computers 1 2*5 8-10 11*20 21+ Total 

Elementary 5,388 13,164 13,059 12,647 3,900 48,158 

(11.2%) (ii7.3%) (27.1%) (26.3%) (8.1%) 

Junior high 354 1,636 2,135 3,505 4,592 12,222 

(2.9%) (13.4%) (17.5%) (28.7%) (37.6%) 

Senior high 340 1,348 2,073 3,817 7,320 14,898 

(2.3%) (9.0%) (13.9%) (25.6%) (49.1%) 

Total schools with computers 6,082 16,148 17,267 19,969 15,812 75,278 

^Excludes approximately 1,600 schools that are not classified as elementary, junior high, or senior high. 
SOURCE: Office of Technology Assessment based on data from Quality Edu ^*'on Data, Inc., 1988 update. 




Photo credit: K^assachusetts Institute of Technology 



Available evidence points to a high rate of computer 
utilization: as of 1985, jess than 5 percent of the 
computers on school premises were not in use. 

dren. Some teachers have turned this constraint into 
an opportunity by connecting the classroom com- 
puter to a large screen and involving the entire class 
at once in various learning activities. However, on 
average, computer-using students spend only about 



1 hour per week on the computer. Between 1983 
and 1988, the national average improved from about 
92 students per computer to the current level (see 
table 2-2). In exceptional cases, each child has a com- 
puter at school and another one at home. But most 
schools still do not have sufficient quantities to al- 
low most students in a typical class access at the 
same time (see table 2-3). 

There is substantial variance in use of computers 
across schools of different size, demographic com- 
position, and location. As OTA reported in 1987,"^ 
school size is a significant correlate of computer 
ownership and pupil access. In absolute terms, small 
schools have fewer computers than large ones, but 



\I.S. Congress, Office of Technology Assessment, "Trends nd Sta- 
tus of Computers in Schools. Use m Chapter I Progr is and Use With 
Limited English Profiaent Students," staff paper, March 1987. 



Table 2-2.— Average Number of Students Per 
Computer in U.S. Public Schools, 1983-87 



Grade level 


1983 1984 1985 1986 1987 


Elementary 
Junior high 
Senior high 
All 


112.4 79.3 55.3 43.7 36.8 

92.3 61.2 41.6 32.9 27.6 

76.6 51.5 37.9 31.1 26.3 

92.3 63.5 45.5 36.5 30.8 


SOURCE: Market Data Retrieval jnc, 1988. 


Table 2.3.- 


-Ranges of Student Computer Density in 
U.S. Public Schools 


Stiirifintr> Percent of schools 

pcir computer Elementary Junior high Senior high 


1-29 

30-59 
60-89 

90-119 

120+ 


...... 34.5% 43.4% 53.1% 

33.3 34.3 31.4 

14.4 10.9 8.2 

7.1 4.8 3.4 
10.7 6.6 3.9 



SOURCE" Office of Technology Assessment based on data from Quality Educa- 
tion Data, Inc., 1988. 
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smaller schools have proportionally mure computers 
than large schools (see figure 2-5). Thus, students 
who attend relatively small schools are likely to have 
greater access to computers than students in large 
schools. This "enrollment penalty factor" was doc- 
umented several years ago'^ and seems to have per- 
sisted even as overall growth in computer acquisi- 
tion and utilization has continued. For example, as 
shown in figure 2-6, schools with 100 to 199 stu- 
dents on average have twice as good a ratio of stu- 
dents to computers as large schools with 500 to 999 
students. 

Because minority students are more likely to at- 
tend large urban schools, their access to computers 
has been worse than that of white students. This 
pattern is aggravated by the fact that wealthier 
schools have acquired technology more rapidly than 
schools with students of predominantly low socio- 



Flgure 2-6.— Students Per Computer In U.S. Public 
Schools by School Enrollment, 1987-88" 



''^Quality Education Data, Inc., \4iaocoinputcr$ nnd VCR Usage 
in Schools, 1985-1986 (Denver. CO: 1986). 

Figure 2-5.— School Size and Student Accecs 
to Computers, 1987-88 
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SOURCE, Office of Technology Assessment based on data from Market Data 
Retrieval, Inc., 198a 
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^Calculations wore based on a sample of 72,159 schools in the database for which 
all data were obtained, 

SOURCE: Office of Technology Assessment based on data from Market Data 
Retrieval, Inc., 1988. 



economic status (SES). In addition, after control- 
ling for SES and school size and location, all of 
which have influenced acquisition of new technol- 
ogy, OTA found from an analysis of 1985 data that 
predominantly black elementary schools were sig- 
nificantly less likely than predominantly white 
schools to have a computer^' 

Average student access also varies by region, as 
shown in figure 2-7. It is interesting to note that ac- 
cess to v' . equipment varies by State, but that 
States with relatively good access to one type of tech- 
nology do not necessarily do as well with other tech- 
nologies. Alaska, for example, which was ranked 
first in average number of students per computer 
in 1986, was ranked 1 1th in average access to video 



"Office of Technology Assessment, op. cit., footnote 9, pp. 28-29. 
Nutc that thib prublt-m h«is abated j>intc 1985, because there arc now 
very few schools left without any computers. 
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Figure 2-7.— Variation in Average Student-Computer Ratio by State, 1987-88 




Studonts/computer — State hlghlght$: 
Highest ratio: Mlssissippj (56 . 3) 
Lowest ratio: Wyoming (16.6) 
Medan State: Vermont (30.8) 
Number of States with less than 
20 students/computer (on average): 2 
Number of States with more than 
40 students/computer (on average): 3 



SOURCE: Office of Technology Assessment based on Quality Education Data. Inc., 1988. 

equipment; and California, ranked 43rd in computer 
access, was number 8 in average student access to 
VCRs. Note also that these Tvdte rankings have var- 
ied over time, and that there is considerable within- 
State variance in student access.'" 

There has been much concern over the apparent 
tendency for school computer use to be dominated 
by male students. OTA has found that this phe- 

'^Quality Education Data, Iik., op. cit., footnote 10. 



Students 
per computer 



16-24 



25-31 



32-44 



□ 



45-57 



nomenon is abated w hen application of the tech- 
nology is closely linked co the curriculum.'' This 
poses a potential dilemma: a less structured approach 
to technology applications, as advocated by educa- 
tional reformers who believe in increasing teachers' 
(and children's) classroom autonomy, may lead to 
unintended inequities.*^ 

'^Becker, op. cit., footnote 5. 

'^For more discussion of gender differences sec Office of Tcchnol* 
ogy Assessment, op. cit., footnote 9, pp. 30-31, also ibid. 
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It is important to keep in mind that these esti- 
mates of student access provide rough measures at 
best. For example, while a school with 300 students 
and 3 computers has a better ratio (100 students per 
computer) than a school with 2,250 students and 
15 computers (150:1), access and use might be su- 
perior in the latter school. If the large school has 
acquired more sophisticated software, or has in- 



stalled modern computer laboratory equipment 
(such as networking or communications devices), 
children in that school could benefit more from the 
technology than their counterparts in small schools 
which do not have the important additional equip- 
ment and which may not be as technologically ad- 
vanced. 



BEYOND COMPUTERS AND VIDEO 



Computers and VCRs have become familiar fix- 
tures in the American classroom. There is a strong 
belief on the part of many educators that these learn- 
ing tools belong in the classroom, and there is wide- 
spread interest in understanding the conditions 
necessary for the new technologies to realize their 
potential. In addition, the rapid adoption of com- 
puters for classroom use has stimulated great inter- 
est in even more advanced systems, and in linking 
the powers of the computer to other communica- 
tions and information technologies. 

Indeed, much of the current school equipment is 
technologically crude compared to the advanced sys- 
tems commonly found in business, scientific, and 
military settings. Computers typically found in 
schools, compared to typical office computers, oper- 
ate with one-quarter the speed and about half the 
screen resolution quality. Thus, while these com- 
puters are being used in many areas of instruction, 
they typically cannot accommodate the latest de- 
velopments in software that call for substantial stor- 
age and high-speed processing. 

The new instructional technologies are costly. 
Even free-standing computer and peripheral equip- 
ment, such as disc drives and printers, can be tax^ 
ing to local school budgets (see chapter 4). Never- 
theless, advanced systems have begun to appear in 
some schools. For example, as discussed in greater 
detail in chapter 8, there are over 6,000 schools with 
modems,'^ and over 26,000 schools in districts with 



modems; 35 States currently support "distance learn- 
ing" programs, many of which use satellite technol- 
ogy to bring instruction to children in isolated areas; 
there are roughly 650 school districts with satellite 
dishes; and some schools have installed networked 
systems of computers, which often include integrated 
instructional and classroom management software. 
At the same time, advances in software design, 
which tend to outpace the capacity of schools* hard- 
ware, have shown how basic research in cognition 
and learning might be applied to cLssroom instruc- 
tion. Some of the newest software exploits the in- 
creasing convergence among computer, television, 
and telephone technologies, embodied in such de- 
vices as the laser disc or the electronic bulletin board. 
But these systems are still prohibitively expensive 
for most schools. 

At present, the most sophisticated technologies 
for interactive learning are still in the experimental 
stage— in the research laboratory and in a handful 
of classrooms. Their fuller implementation awaits 
continued evidence of their potential effectiveness, 
and will depend on an array of factors: their com- 
patibility with teachers' current and future classroom 
roles; the crafting of economic and organizational 
policies to stimulate the production and distribu- 
tion of affordable and appropriate software; and re- 
search that blends laboratory findings with the real- 
ities of current and future classrooms. We turn now 
to these issues. 



'^Modems enable computer users to communicate o\*qt telephone 
lines. See ch. 8. 
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Thirty-five States currently support distance learning programs, many of which use satellite technology to bnng instruction 
to Isolated areas. This generic system combines broadcast or narrowcast with VCR use In a media center or class. 

Most systems have some, but not all, of these elements. 
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Interactive television made it possible to offer a foreign language class for the first time in 20 years to students in 

tilackinaw City on Michigan's Upper Peninsula. 
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Chapter 3 

The Impact of Technology on Learning 



INTRODUCTION 



One of the most obvious questions about using 
interactive technologies in schools is, "Do they 
work?" Against a background of growing concern 
with the way American public school children are 
prepared for productive adult lives, computers and 
other electronic media have been hailed for their 
potential role in achieving »» wide range of educa^ 
tional objectives. While only a handful of the most 
fervent visionaries think that technology alone can 



solve the difficult problems of American public edu- 
cation, many educators believe that interactive tech- 
nologies can be an important element, if not the 
linchpin, in a broader program of organizational and 
substantive reforms. Surveyed for their perceptions 
of the effects of computers in the classroom, com- 
puter-using teachers supplied a long list of educa- 
tional objectives for which they believe the technol- 
ogy has a positive effect (see figure 3-1). 



Figure 3-1.— Teachers' Perceptions of Effects of Using Computers in Classrooms 




Enthusiasm of stuctents for subjects for whfch they use computers 
Providrtfl special oppcriunities for gifted students 
kx^reased enthusiasm for school in general 
Providng special opportunities for handcapped or learning disabled students 
Irx^reased peer cooperation 
Students woridng independently 
Learning in regular subjects by below average students 
Taioring assignments to students' indvfdual needs 
Leamif)r In regular subjects by above average students 
Le^ing n regiiar subjects by average students 
Diagnosing students* learning problems 
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Percent of respondng teachers who reported that 'as a re$ift of using computers thto is MUCH IMPROVED at our school. ' * 

^Respondents could have chosen "somewhat Improved." "little changed " or "negatively affected." 

SOURCE 1985 National Survey of tho Instructional Uses of ScnosI Computers. Center for the Social Organization of Schools, The Johns Hopkins University. 
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Given the promise of technology, a sizable num- 
ber of educational researchers have taken an inter- 
est in systematic and scientific evaluation. State and 
local education officials also want to know about 
the performance of these technologies as substitutes 
and complements for alternative classroom 
strategies.* 

The basic question— "Do they work?"— covers the 
full spectrum of our expectations (and demands) of 
the schools: Do the technologies improve students* 
acquisition of basic language and computational 
skills? To what extent are children's higher order 
intellectual skills sharpened or dulled by exposure 
to computer-related systems? Are traditionally 
deprived children— those with physical, emotional, 
economic, or geographic disadvantages— reached 
more effectively by electronic learning tools than 
by traditional methods? Do the technologies help 
or hinder children's socialization skills and moti- 
vation? 

By and large, the research to date supports the 
continued use of instructional technologies in the 
schools. But it is important to point out that ques- 
tions of performance and productivity are much 
more easily asked than answered, in part because 
the near-term effects of educational technologies are 
not necessarily the same as the vision of what these 
technologies might achieve in the long run. For ex- 
ample, there is evidence that computer-assisted in- 
struction (CAI) can raise achievement test scores 
for some students; but there is also wide agreement 
that computer technologies can already do more 
than provide electronic equivalents of drill and prac- 
tice workbooks, and that much of their future prom- 
ise lies in experimentation and development of non- 
traditional learning methods. 

Without evidence of short-run gains, teachers and 
students will lose faith in the long-run possibilities 



The issue of LOst-cffcLtiveness, i.e., huu the technologies compare 
to Other methods per dollar of expenditure, is taken up in ch. 4. 



of the new learning tools; if so, it will be difficult 
to garner the political and financial support neces- 
sary to realize the technologies* potential. On the 
other hand, if short-run effects are overemphasized, 
researchers and practitioners may lose sight of the 
longer-term potential, in which case the grander vi- 
sion of the technologies' role in education will re- 
main a vision. 

This basic tension is manifest in much of the liter- 
ature surveyed in this chapter. Many early studies 
of CAI, for example, relied on changes in standard- 
ized mathematics and reading scores as the criteria 
for effectiveness. This approach allows for rigorous 
measurement, because test scores provide a quan- 
titative proxy for a range of cognitive outcomes; but 
there is concern with the validity of standardized 
tests generally, and with their impact on teachers' 
classroom strategies. Further, standardized tests are 
not indicators of long-run effects of interactive tech- 
nologies on higher order analytical and language 
skills specifically. On the other hand, tests that could 
measure other goals of education, including moti- 
vation, creativity, and social behavior, are neces- 
sarily constrained by state-of-the-art measurement 
techniques. 

The research reviewed here addresses a wide range 
of learning technologies, applied in many different 
settings with diverse populations of children and 
teachers. Although the results are somewhat scat- 
tered and impressionistic, they do suggest how cer- 
tain configurations of hardware and software, used 
with particular populations of children and under 
the supervision of competent teachers, contribute 
to the achievement of specific instructional objec- 
tives. In the light of these considerations, school 
administrators planning the implementation of a 
particular computer-based system need to tailor 
the application to their schooFs and students' 
needs, and should not expt t to see aggregate re- 
search results exactly replicated in their particular 
environment. 



FINDINGS 



• CAI has been the most researched of the vari- 
ous interactive technologies. It has been demon- 
strated to be an effective supplement to traditional 
classroom instruction. In particular, elementary 



school children who used CAI showed gains 
equivalent to between 1 and 8 months of instruc- 
tion over peers who received only traditional in- 
struction. CAI may be more effective for low- 
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achieving students than for average and high abil- 
ity students, even when controlling for base-rate 
differences between these groups. While most con- 
ventional CAI programs involv^e drill and prac- 
tice, there is evidence that the method can be ap- 
plied to improving higher-order thinking skills 
among disadvantaged children. A number of CAI 
studies have been challenged on methodological 
grounds. 

• Intelligent CAI (ICAI), or intelligent tutoring sys- 
tems, represent an attempt to apply advanced arti- 
ficial intelligence techniques and theories of human 
cognition, and are considerably more complex 
than standard CAI. ICAI programs employ a 
wider variety of teaching strategies than conven- 
tional CAI, and allow for more thorough analy- 



sis of individual students* skills, knowledge, and 
problem solving processes. Some ICAI systems 
track an individual user s thought processes, iden^ 
tify problems, and provide specific exercises in re- 
sponse. Experimenters with ICAI have pioneered 
new approaches to teaching of mathematics, sci- 
ence, and language. These technologies, especially 
those that are based on so-called "natural lan- 
guage processing," are still in their earliest stage 
of development. 

• Effects of teaching computer programming as a 
means to learn analytical skills more generally are 
mixed. The possibility of using programming as 
a way to prepare mathematics teachers has gained 
credibility, although new and better research is 
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needed. There is limited evidence that program- 
ming develops basic thinking abilities. 

• Simulation programs have been effective in teach- 
ing principles in both the physical and social 
sciences. 

• Microcomputer-based laboratories (mBLs)— probes 
and measurement tools attached to a computer 
for use in scientific, mathematical, or musical 
laboratories— have been shown to help students 
grasp Complex concepts as well as to master im- 
portant analytical techniques (like graphing). The 
skill of the teacher using the MBL is a critical 
factor. 

• The teaching of graohing concepts stands out as 
an exemplary application of computer technol- 
ogy in the classroom. 

• Database management programs have become 
very popular in classrooms. Limited research re- 
sults suggest that students who use computerized 
data management systems outperform other stu- 
dents in tests of information processing skills, in- 
cluding identification of requisite information to 
solve a given problem and selection of efficient 
modes of organizing information. 

• Word processing tools account for roughly 10 per- 
cent of the available instructional applications of 
computer technologies. While these tools do not, 
in and of themselves, create better writers, they 



have demonstrated their importance m easing the 
physical requirements of writing and revising. 
Both normal and learning disabled students who 
used the word processor as a supplement to writ- 
ing instruction made significant gains in writing 
ability, compared to control groups that did not 
receive the computer-assisted intervention. In 
addition, the advent of word processing technol- 
ogy has stimulated new research on essential strat- 
egies for reading, critiquing, and revising one's 
own written work, some of which are now being 
incorporated into new writing software. 

• Reading comprehension can be strengthened 
through computer-aided reading programs that 
aim to improve comprehension through interac- 
tion with the whole text. These include decod- 
ing and word recognition programs, text media- 
tion programs, and speech synthesis. Disabled 
readers seem to enjoy using these technologies, 
and have made progress in important aspects of 
reading. 

• Electronic networks— local, national, and .inter- 
national— build cultural bridges that connect chil- 
dren working on different types of projects in 
different places. Several science-related commu- 
nications networks are particularly promising. In 
addition, these systems offer a form of **distance 
learning" to children and teachers in remote ru- 
ral areas. 



EVALUATION RESEARCH: SCOPE AND METHODS^ 



Most of the data on the effectiveness of educa- 
tional technology comes from research on the uses 
of computers to enhance learning. The computer 
has several unique features relevant to education. 
The computer interacts: students provide informa- 
tion to the computer and receive immediate feed- 
back. The computer is precise: learners must be spe- 
cific and precise in their instructions or responses. 
The computer is consistent: instruction and feed- 
back provided in a computer program will be the 
same for every student who interacts with that pro- 
gram. In addition, the feedback a student receives 



^The remainder of this chapter draws heavily on Joanne Capper, 
Center for Research Into PraLtice, "Computers and Learning. Do They 
Work? A Review of Research " OTA contractor report, Jan» 21, 1986. 



is private. Children do not risk public criticism and 
embarrassment with a response, and they often have 
many chances to try again. The computer can pro- 
vide multiple and dynamic representations of a con- 
cept, phenomenon, or a relationship. 

Over the past 30 years, computelfs have been used 
in education primarily to provide "drill and practice 
or to convey traditional course content. These uses 
of the computer had the benefits of releasing teachers 
from the drudgery of drill and practice, freeing them 
to work with other students on more complex ma- 
terial, and motivating students to attend to other- 
wise tedious learning tasks. These early uses of the 
computer did not necessarily address the more crea- 
tive, reflective, or meaningful aspects of learning. 
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It is only in the last few years that computer use 
has moved beyond this workbook approach to 
learning. Only now are there more than a few soft- 
ware and computer applications that encourage the 
active construction of knowledge, provide meaning- 
ful contexts for learning, promote reflection, foster 
intellectual work similar to that ericountered in an 
adult's work world, and free students from many 
of the tedious aspects of learning. 

There are several approaches to studying the ef- 
fects of computers in the classroom.' Cognitive re- 
searchers focus on the intellectual processes that are 
tapped by the computer. Their focus is often the 
individual student engaged in a problem solving 
task. Because research in cognition has successfully 
explored the finer-grained aspects of teaching and 
learning, it has been able to contribute to some of 



'The review of research that follows is intended to be illustrative 
rather then comprehensive. The studies described were selected to give 
the reader a sense of the type of research underway and the trends 
that arc emerging from the results of that research. 

The methods used for identifying sources consisted of: I) Educational 
Resources Information Center (ERIC) and library searches; 2) refer- 
ences cited in research articles, 3) telephone calls to funding ager.cies 
(U.S. Department of Education, the National Science Foundation, and 
the Office of Naval Research); and 4) telephone calls to researchers 
regarding the status of their work and to identify olhers working in 
the field. The latter two methods were found to be the most efficient 
in that funders and researchers tend to be familiar with the work of 
their colleagues. 

The primary focus of this review is computer-tool applications as used 
in baste subject areas. The areas not addressed include. Lomputer use 
at the college and university level, computer use in military training, 
instructional design issues; social, affective, and equity issues; video- 
discs; distance learning; modehng; and computer applications in art, 
music, foreign language, or vocational education. 



the more sophisticated developmental work with 
computers. The strength of this line of research is 
that it can tell us how something works (e.g., a piece 
of software) and why it affects learners that way — 
valuable information to guide future efforts. 

Other studies consider how the technology or the 
software is used by individuals, by small groups of 
students, or by entire classrooms. Often the intent 
of this type of research is to improve the software 
or computer application, or to determine the extent 
and type of training needed to support teachers in 
their use of the technology. Some studies of this sort 
explore the contextual factors that influence how 
computers are used in schools— factors such as dis^ 
trict support, extent of resources (hardware, soft' 
ware, and training), or equity issues. Traditional ex- 
perimental studies where computer-using students 
are compared to control groups of students work- 
ing on the same topics without computers can re- 
\ eal whether or not a treatment worked in a par- 
ticular setting; but they usually omit information 
about why a particular treatment worked. 

Current testing techniques are relatively advanced 
ir. assessing whether or not students have learned 
basic content knowledge, but are still immature in 
assessing more complex thinking skills and changes 
in attitude toward learning. Many computer appli- 
cations aim to enhance complex types of thinking 
and problem solving abilities. Without appropriate 
techniques to measure these abilities, we can only 
infer effects. Consequently, the research findings re- 
viewed in the following pages are limited to effects 
that can be currently measured. 



COMPUTER-ASSISTED INSTRUCTION 



For almost 30 years, computers have been used 
to provide instruction and drill and practice in basic 
computation and language skills. CAI is the oldest 
instructional application of computers and the most 
researched."* The early CAI programs were pro- 



"'See, for example, P.K. Burns and W.C. Bozeman, "Computer' 
Assisted Instruction and Mathematics Achievement: Is There a Rela^ 
tionship?" Educational Technology y October 198 1; Joanne Capper and 
Carol Copple, "Computers m Education. Research Review and Instruc- 
tional Implications " The Research Into Practice Digest, vol. 12, No. 
3, spring 1986, J.F Vinsonhaler and R.K. Bass, "A Summary of the 
Major Studies on CAI Drill and Practice," Educational Technology , 



vided through large mainframe, time-sharing com- 
puter systems, operated and controlled from a cen- 
tral location. Examples of such systems include 
PLATO (Programmed Logic for Automatic Teach- 
ing Operations), created at the University of Illinois, 
and Stanford University's CAI project for elemen- 
tary reading and mathematics skills. 



vol. 12, 1972, Dean lamison et al., 'How EffeLtivc Is CAI? A Review 
of the Research," Bjucational Leaderships vol. 33, 1975, and S.S. Hart' 
lev, University of Colorado, "Mcta -Analysis of the Effects of Individually 
Paeed Instruction .n Mathematics,*' doctoral dissertation, 1977. 
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Until recently, mainframe or minicomputers were 
necessary to accommodate comprehensive and in- 
tegrated curricula that could cover the entire grade 
span of an elementary or secondary school. With 
advances in memory and speed of microcomputers, 
however, and with the emergence of optical stor- 
age media (such as compact disc-read only memory, 
known as CD-ROM), integrated approaches to CAI 
no longer require mainframe computers: systems 
now being marketed by several companies use a 
microcomputer-based file server located in the same 
computer laboratory where the children work at ter- 
minals. While this change has brought about sub- 
stantial cost reduction, it has not changed the basic 
philosophy of CAI, which involves a direct link be- 
tween student and software and the transfer of basic 
instructional decisions from teacher to curriculum 
developer. 

Even after the introduction of stand-alone com- 
puters (microcomputers), CAI programs remained 
little more than computerized workbooks. Informa- 
tion was presented on the screen, students were 
asked to indicate a response, and their response was 
evaluated. If the student was correct, he or she 
moved on; if incorrect, similar additional problems 
were given until correct responses were elicited. 
Many programs of this type are still used because 
they have proven effective when used in conjunc- 
tion with traditional instruction. 

Critics of CAI argue that drill and practice tasks 
\ could be done just as easilv without computers. 
' Another complaint is that CAI promotes passivity 
on the part of the user. 

Advocates argue that many students who have 
not mastered basic skills can benefit from drill and 
practice, and that the computer helps to motivate 
students. In addition, the teacher is freed up to pro- 
vide initial instruction and to work with individ- 
uals or small groups of children. 

Hundreds of studies were conducted to determine 
the effectiveness of CAI. Several researchers have 
synthesized the results of a number of individual 
studies conducted at various levels to see if the re- 
sults held up across studies. These syntheses reveal 
that elementary level students who received brief 
daily CAI lessons as a supplement to instruction 
showed gains equivalent to I to 8 months of instruc- 
tion over their peers who received traditional in- 
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Photo credit: Computer Learning Month 

Second graders' views of computers, submitted to the 
Computer Learning Month contest. 



struction only.*^ However, when CAI is used as tl i 
sole basis for instruction, the results are mixed. 
Other findings show that CAI is more effective at 
raising achievement among low-achieving students 
than for average or high^achieving students, and 
that students complete material faster with CAI 
than with traditional instruction, sometimes as 
much as 40 percent faster. Increases in student at- 
tendance, motivation, and attention span have also 
been reported in most studies. Students who learned 
on the computer remembered as much of the ma- 



^Jamcs A. FCulik ct ah, "Eftccfivcncss of Computcr-Bascd Education 
in Elementary Schools," Computers in Human Behavior^ vol. I, I9S5, 
pp. 59-74. 
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teria! as did students who received traditional in- 
struction only. Similar results were revealed in 
studies of CAI with secondary or college and adult 
populations. However, the gains in achievement 
were less significant.^ 

One criticism of CAI is based on a question of 
equity. Economically disadvantaged children and 
low-achieving children, many of whom are in fed- 
erally supported programs (for example, under 
Chapter 1 of the Education and Consolidation Im- 
provement Act of 1981), use the computer largely 
for drill and practice in basic skills. Gifted students, 
as well as children in predominantly white low- 
income schools, do less CAI and more programming 
than do students in predominantly minority elemen- 
tary schools.^ 

It might be argued that low-achieving students are 
more likely to need the type of support provided 
by drill and practice. But while low-achieving stu- 
dents do need to master basic skills, they can also 
benefit from instruction that develops their higher 
cognitive abilities and learning strategies. Unfortu- 
nately, there is a tendency to consider such instruc- 
tion beyond the ability of low-achieving students 
and to offer only gifted and high-achieving students 
such opportunities (with and without the com- 
puter).^ 

An exception is the Higher Order Thinking Skills 
(HOTS) Program developed at the University of Ar- 
izona. The program is designed to teach thinking 
skills to Chapter I students, primarily by teaching 
teachers to ask questions that elicit thinking re- 
sponses. Teachers are also taught how to use selected 
software as the focus of Socratic dialogs with stu- 
dents. Early results indicate that Chapter I students 
enrolled in the HOTS program showed substantially 



^Dcan Jamison ct al., "The Effectiveness of Alternative Instructional 
Media. A Survey," RcvtQw of EduLational Research y vol, 44, No. 2, 
1*^74, pp. 1-6, D N. Hansen, "Computer AiststaiKe With the Eduea 
tional Process" Review of Edacstional Research, vol. 36, 1966, pp. 588- 
603; and David B. Thomas, "The Effectiveness of Computer. Assisted 
Instruction in Secondary Schools,' AEDS Journal, vol. 12, No. 3, 1979, 
pp. 103-115. 

'Henry J. Becker, School Uses of Microcomputers. Reports From a 
National Survey (Baltimore, MD. Center for Sonal Organuattun uf 
Schools, The Johns Hopkins University, 1983 1984), ibbucs 1-6, and 
Elizabeth Rcisncr, The Use of Computers in Instruction Supp^^rted Un- 
der Chapter I of the Education Cc nsolidation and Impro\ cine nt Act 
(Washington, DC: Policy Studies Association, 1983). 

*^Bcau F Jones "Quality and Equality Through Cognitive Instruc 
tion," Educational Leadership, April 1986, pp. 5-U. 



greater gains on standardized tests when compared 
with the national average. According to its de- 
veloper, the HOTS program is designed to develop 
thinking abilities among students in Chapter 1 
programs.^ 

While the results concerning the effects of CAI 
are generally favorable, they are based on studies 
that have been frequently criticized on methodo- 
logical grounds. One problem, for example, is that 
the computer treatments in some studies were sup- 
plementary while control treatments were not. Stu- 
dents using computers would receive 40 minutes per 
day in mathematics instruction, 10 of which would 
be devoted to drill and practice on the computer, 
while the control students would only receive 30 
minutes of instruction. In this case, one cannot be 
sure that the increased performance of the treatment 
students was due to the extra 10 minutes per day 
or to the drill and practice on the computer. Would 
the results be so significant if the control students 
received an extra 10 minutes using flash cards or 
some other form of drill? Other flaws include dis- 
proportionate attrition from experimental groups, 
nonrandom,^.o*gnment of students to treatments, 
incommensurable instructional content provided to 
control groups, and differences in relevant teacher 
attributes in control and treatment groups. In one 
review study, 26 out of 51 research reports were 
deemed unusable because of various methodologi- 
cal problems; however, the positive results of CAI 
remained stable even after eliminating the flawed 
studies.'^ 

The main problem with the results of this 30- 
year body of research is that it provides no insight 
into how CAI produced those learning outcomes. 
It is only recently that researchers have begun to 
ask more useful questions, such as how and what 
students learn when they interact with computer- 
based instruction. A national field study being led 
by Henry Becker of The Johns Hopkins University 



''Stanley Pogrow, 'Trelimmary Report on the Effectiveness of tl« 
HOTS Program," unpublished data, 1987. 

''^Henry J. BeLkcr, The Impact of Computer Use on Children's 
Learning. What Research Has Shown and \Khat It Has Not (Baltimore, 
MD. The Johns Hopkms University, Center for Social Organization 
of Schools, 1987). See also Riehard E. Clark, "Evidence for Confounding 
in Cum puter-Bascd Instruaiun Studies. Analyzing the Meta-Analyscs," 
Educational Communications and Technology Journal, voL 33, 1985, 
pp. 249-262, and Patrn-k Suppes and Mona Morningstar, "Computer' 
Assisted Instruction," Sc/cnce, vol. 166, Oct. 17, 1969, pp. 343-350. 
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is designed to provide information about the fea- 
tures of various computer'based programs that in* 
fluence learning. The study has a large and repre* 
sentative sample, will last 3 years or more, and will 
collect information on how various programs are 
implemented in different grades and for different 
subjects each year. 

Intelligent CAI 

ICAI is a branch of artificial intelligence devoted 
to developing instruction in curricular areas. The 
distinctions between CAI aud ICAI are subtle and 
profound. With CAI, instruction is controlled by 
the developer of the program who determines what 
is presented, how much information is presented, 
the order of presentation, and the specific questions 
to which the student must respond. CAI programs 
cannot respond to students' questions, responses, 
or problems that are not specifically designated in 
advance by the programmer. ICAI programs, on the 
other hand, theoretically increase students' control 
over the machine and allow them the opportunif, 
to learn by doing. Students interact with the com- 
puter rather than merely respond to it in a prespeci* 
fied way; tutoring is often carried on in dialog form 
as a response to student input. In addition, ICAI 
is characterized by a far more thorough and fine- 
grained analysis of the skills, knowledge, and pro- 
cedures involved in solving problems in a subject 
area. The strength of ICAI is not only the substan- 
tially more precise and detailed understanding of 
the nature of learning and problem solving, but also 
the ability of the program to articulatey or make 
transparent that understanding in a form that can 
be absorbed by the student. ICAI programs specify 
in detail a mix of three types of knowledge: the 
declarative knowledge (what), the procedural knowl- 
edge (how), and the metacognitive knowledge (think- 
ing about what and how). 

ICAI, also referred to as an intelligent tutor ng 
system, can generate and solve problems, store and 
retrieve data, diagnose students' misconceptions, se- 
lect appropriate teaching strategies, and carry on 
dialogs with students. In addition, intelligent tutor- 
ing systems employ a wider variety of teaching strat- 
egies than are likely to be found in a simple CAI 
programs. Many intelligent tutoring programs in- 
corporate simulations and/or games that allow stu- 



dents the opportunity to "try out" their evolving 
models of knowledge in a domain." 

Two science programs exemplify these advanced 
CAI efforts. Batteries and Bulbs, developed by re* 
searchers and educators at the Educational Tech- 
nology Center at the University of California, Ir- 
vine, teaches electric circuitry in a way that conveys 
important aspects of the scientific method. It simu- 
lates electric circuit problems and students connect 
wires on the screen with the objective of lighting 
a simulated bulb. In addition, the program keeps 
track of a student's progress, offering assistance if 
a student consistently makes mistakes on a particular 
type of problem. Studies of Batteries and Bulbs show 
that students typically complete the program within 
an average of 2 hours and exh^oit a qualitative un- 
derstanding of terms such as "current" and "resis- 
tance," and a rudimentary understanding of a model 
of simple electrical circuits.*^ 

QUEST 10 another program in electric circuitry 
that contains simulation activities, but unlike those 
in Batteries and Bulbs, the QUEST simulations al- 
low students a variety of solutions to a problem 
while also designing an arbitrary circuit of their own 
that they can test through simulation. This aspect 
of the simulation works because all of the formal 
electrical laws of circuitry are built into the program 
and used to determine whether or not a circuit 
works. In addition, the "proof or solution of a cir- 
cuit is broken down and students can walk through 
a step-by-step, voice-simulated explanation of the 
proof. 

The QUEST learning environment provides stu- 
dents with the opportunity to select from among 
several instructional approaches. For example, the 
open-ended exploration option lets students con- 
struct and modify circuits and . :st them with the 
simulation to see how they work, and with the 
problem-driven learning option, the system presents 
a series of problems for students to solve and gives 

''James L Poirot and Cathlccn A. Norris, "Artificial Intelligence 
Applications in Education," The Computing Teacher ^ August/Sep- 
tember 1987, pp. 8-10. Much of the information in this section is drawn 
from Christopher J. Dede et al., Massachusetts Education Develop- 
ment Center, "Intelligent Computer Assisted Instruction. A Review 
and Assessment of ICAI Research and Its Potential for Education," 
unpublished manuscript, 1985. 

'^Alfred Bork, Personal Computers for Education (New York, NY: 
Harper & Row, 1985). 



ERLC 



63 



49 



computer-generated voice explanations of the solu- 
tion when requested by the student. QUEST is 
based on cognitive research that identified the es- 
sential knowledge about electric circuits and the op- 
timal way to teach that knowledge. As of fall 1986, 
seven students have worked with the complete 
QUEST program, and after 5 hours of "play," all 
of the students were able to answer simple questions 
about circuits and could troubleshoot for opens and 
shorts-to-ground in series circuits.*^ 

Developers of intelligent tutoring systems have at- 
tempted to integrate findings from research on how 
novices learn and how experts solve problems. For 
example, a featur' found in some programs is the 
audit traily which leaves a record of a student s work 
as he or she progresses through problem solving. 
This trail allows students to look back over their 
own or other students* work and to reflect on the 
relative value of various approaches to problem solv- 
ing. The intelligent tutoring system allows students 
to practice problem solving strategies, and is de- 
signed to diagnose errors and provide feedback when 
a student makes an error or needs help. The tutor 
does not intervene as long as the student generates 
correct solution steps. Box 3-A illustrates and de- 
scribes how an algebra problem is solved with an 
intelligent tutoring program called the Algeb'-a 
Tutor. 

Similarly, the Geometry Tutor is an intelligent 
tutoring system that employs audit trails and is cur- 
rently under study at Carnegie-Mellon University s 
Advanced Computer Tutoring Project.^** It pro- 
vides instruction in proving geometry theorems and 
focuses on teaching students to problem solve and 
to plan when they prove theorems. According to 
t^ authors of the Geometry Tutor, these skills are 
seldom emphasized in a standard geometry curric- 

"Barbara Y. White and J.R. Fredcrikscn, "Intelligent Tutoring Sys- 
tems Based Upon Qualitative Model Evolutions," /Voceec//ng5 ofAAAI' 
86, The National Con/erente on AnifiLial Intelligence (Philadelphia, 
PA: American Association of Artificial Intellgience, 1986), and Bar- 
bara Y. White and J.R. Frederiksen, Progressions of Qualitative Models 
as Foundation for Intelligent Learning Environments, Report No. 6277 
(Cambridge, MA: BBN Laboratories Inc., 1986). 

'^John R. Anderson et aL, The Geometry Tutor (Pittsburgh, PA, 
Carnegie-Mellon University, Advanced Computer Tutoring Project, 
1985); C.F. Boyle, "The Geometry Tutoring Project in Action," fc/uc.-j- 
thnal Leadership, March 1986, and C.F. Boyle and John R. Ander- 
son, "Acquisition and Automated Instruction of Geometry Proof Skills," 
paper presented at the Annual Meeting of the Amenean Educational 
Research Association, New Orleans, 1984. 



ulum. Students often complete a geometry course 
with only a modest ability to generate proofs and 
little deep understanding of the nature of proofs. 
The Geometry Tutor monitors students while they 
are actually engaged in solving the problems and 
provides instruction and guidance during the prob- 
lem solving process. Students do not have to wait 
until their papers are corrected to receive feedback. 
Feedback is immediate, precise, instructionally rele- 
vant, and based on a far more thorough analysis 
of problem solving behavior than would be possi- 
ble with one teacher and a classroom full of students. 

The Geometry Tutor was initially tested on a few 
high school students, some who had no geometry 
instruction and some who had just completed a high 
school geometry course. After 10 hours of instruc- 
tion, all students were able to solve problems that 
their teachers considered too difficult to assign to 
their classes. In fact, a student who had almost failed 
geometry was successful, and the students consid- 
ered their time on the computer as fun. The re- 
searchers are now testing the Geometry Tutor in 
a high school, comparing the treatment students* per- 
formance with that of a control group of students. 

Other intelligent tutoring systems have been de- 
veloped in a variety of areas. For example, SOPHIE 
(SOPHisticated Instructional Environment)'^ pro- 
vides students with a way to solve problems by try- 
ing out their ideas within the context of a simulated 
electronics laboratory. The system can answer stu- 
dents* questions, critique their hypotheses regard- 
ing why a piece of circuitry equipment is not work- 
ing, and suggest alternative explanations. SOPHIE s 
ability to communicate with students depends on 
its natural language capabilities. The process of 
programming a computer to understand the am- 
biguities of natural language (English rather than 
Fortran) is one of the most intractable problems con- 
fronting artificial intelligence researchers today. 
SOPHIE approaches this problem by replacing con- 
ventional categories of grammar, such as nouns and 
verbs, with categories that represent concepts rele- 
vant to the SOPHIE system, such as circuit, tran- 
sistor, or hypothesis. The system then attends only 



'^John Seely Brown et al., "Pedagogical, Natural Language, and 
Knowledge Engineering Teehnmues in SOPHIE I, II, and HI," Intelli- 
gent Tutoring Systems, D. Sleeman and J.S. Brown ieds.) (London. 
Academic Press, 1982). 
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Box Solving Problems With the Algebra Tutor 
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As students progress in expertise they begin to group problem 
solving into larger units (skip steps). The tutoring system is able 
to recognize skipped steps and adjust its instruction. The figure 
above shows two approaches to solving the same problem using ^* 
a different number of steps. The audit trail leaves a record of the 
student's problem solving strategies. 



The algebra tutor begins by presenting the student with a piobr 
lem to solve (solve for X: 3 — 3(Xr-5) ==X). The student then uses 
a keypad to enter numbers or operations or selects operations from 
a menu- He or she can solve the problem immediately or go 
through a number- of substeps. As long as no errors are made, 
'the tutor does not provide any messages. However, if the student 
makes an error, is unable to go on to the next step, or asks for 
Ihelp, the tutoring system steps in to give immediate feedback:or 
' indicate the next step. 

SOURCE: Robert Mil$on et al, "The Teacher's Apprentice Project: Bufldmg on Algebra Tutor," Carnegie-Mellon University, Pittsburgh, PA, n.d. ^Tigure reproduced with permission.) 
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to the concepts it recognizes and tries to make bense 
of studentf' responses from those concept b, ignor- 
ing other pieces of information. 

Impressive as this program might be, it is still a 
long way from understanding the subdeties of nat- 
ural language. In fact, most artificial intelligence ex- 
perts are cautious in their estimates of when, if ever, 
computers will really be able to cope with natural 
language.'^ Nonetheless, SOPHIE, along with 



"Terry W'inograd, an associate professor of computer scieiKt and 
linguistics at Stanford University, says flatly, "It's not in sight ... it's 

MATHEMATICS 
Programming 

For over 25 years, mathematics educators have 
advocated the use of programming for teaching 
mathematics on the grounds that, "Children who 
program solutions to science and mathematics prob- 
lems develop a procedural understanding of the fun- 
damental theories of these disciplines."*^ 

The effects of using programming to teach math- 
ematics at the elementary and middle school level 
are mixed. Two studies showed that students who 
did not use programming outperformed those who 
did, while two other studies found partial and lim- 
ited support for programming. At the high school 
level, four studies found that stuelents who received 
programming instruction in addition to mathematics 
instruction performed less well than did students 
without programming instruction. Two studies 
found partially positive results.'^ 



*'Sylvia A. Shafto, "Programming for Learning in Mathematics and 
Science," paper presented at the Cunfercn».e ou Innovative Mi^-rocum 
puter Appliw ^tions In School Programs, Friends School, Baltimore, . ID, 
March 1^85 See also National Council of Tcd».hers of M.ithemdt.i.s, 
The /mp.icf of Computing Technology on SJiool K^athcm^^tii.b. Rl 
port of an NCTM Confcrcm-C (Reston, VA, 1984), National Research 
Council, Renewing US, M.if/icm.ifKs (Vlashingtoii, DC National 
Academy Press, 1984), Conference Board of the Mathematical Sciences, 
The Mathematical SJeni.cs CurrKulum K 12. U'Vi.if h Still FunJ.imui 
taland What Is Not, Report to the National Science Board Comniis 
sion on Precollege Education in Mathematics, Science and Technol- 
ogy (Washington, DC. National Science Foundation, 1983), and 
Richard J Shumway,Ohio State University, "Mathematical Concept 
Learning Through Computer Programming. A Survey of Related Rc 
search," unpublished manuscript, 1985. 

'"Research on programming in middle schools is repo.tcd in DJ. 
Robitaille et al., "The Effects of Computer Utilization oii the Achieve 
mem and Attitudes of Ninth-Grade Mathematics Students,*V^"^'i'i' 
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other natural language-based tutors such as Writers 
Workbench (AT&T), Crkique (IBM), and RINA 
(created at the artificial intelligence laboratory at 
the University of California at Los Angeles) have 
raised the hope that language barriers might be sur^ 
passed much the same way computers have over- 
come human limits to complex mathematical com^ 
putation. 



not <onKthing that can be done by improving and tuning up existing 
s> stems." In B. Wallraff, "The Literate Computer," /\f/3m/c Shnthly, 
vol. ?.6\y No. 1, January 1988, p. II, 



AND SCIENCE 

Another use of programming has been to prepare 
student teachers to teach facts and concepts of math- 
ematics. From one such experience the researcher 
observed certain essential difficulties for both 
teachers and students; 1) students who have prob- 
lems learning mathematical concepts are likely to 
find programming concepts equally elusive, 2) ad- 
ditional and more complex cognitive effort is in- 
volved in establishing a connection between pro- 
gramming and mathematics, and 3) learning to 
program re(;uires a great deal of time— time that 
could be devoted to learning mathematics.'*^ Never- 
theless, the idea that programming might be an ef- 
fective \-ehicle to teach mathematics and to prepare 
teachers of mathematics is appealing and warrants 
ongoing study, perhaps along different theoretical 
lines. 



for Research in iWar/ie/n.if/cs Education t vol. 8, 1977, pp. 26-32, and 
D.T. King, "Research on Computers in Mathematics Education," The 
Uie of Computers in Mathematics Education Resource Series (Colum- 
bus, OH: ERIC, 1973). 

High school resuhs arc discussed in S.M. Kdt:, Temple University, 
"A Comparison of the Effccis of Two Computer Augmented Meth- 
ods of Instruction Vt'ith Traditionjl Methods Upon Achievement of 
Algebra II Students in a Comprehensive High School," doctoral dis- 
sertation, I97I,R.F. Ronan, University of Michigan, A Study of the 
Effectiveness of the Computer When Used as a Teaching and Learn- 
ing Tool Hi High School Mathematics/' doctoral dissertation, 1971 1 
and La.ry L. Hatfield and Tom E. Kteren, "Computer- Assisted Prob- 
lem Solving in School Mathematics,*'^^^"^"''^ f^^ Research tn Mat lie* 
mattes Education, vol. 3, 1972, pp. 99-112. 

J.B.H. duBoulay, "Teaching Teachers Matheinaacs Through Pro- 
g amming," Interndtiunal Journal of Mdtheiuatii.al EJuc.if/on in Sc/- 
c/icc and Tec/ino/ogy, vol. 11, 1980, pp. 347-360. 

"'See, for example, 0. Blumt, "A Review of Research on the Effects 
of Computer Programming on Mathem.itical Problem Solving," pa- 
per prcsc-nte-d at the annual meeting of the American Educational Re- 
search Association, Kew Orleans, 1984. 
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Employability 

Programming has been uaght in schools in part 
to enhance students* employment opportunities after 
graduation. Researchers at the National Commis- 
sion for Employment Policy examined the need for 
computer skills in the work force and concluded that 
only about 1 percent of the work force will require 
long periods of computer training (for example, engi- 
neers and scientists who design computers, program- 
mers, and system analysts). Another 1 percent will 
need to be able to write their own programs (for ex- 
ample, some engineers, scientists, technicians, and 
accountants). The remaining computer users, how- 
ever, will learn their skills in brief, on-the-job train- 
ing. These findings suggest that computer program- 
ming need not be, part of the general curriculum but 
should be part of a total training package for occu- 
pations that require computer use.^* 

Programming and Thinking 

Evidence to support the belief that programming 
develops students* thinking abilities is limited and 
mixed. One study found that students who learned 
BASIC did no better than control students on three 
problem solving subtests: understanding the prob- 
lemj carrying out the plan, and looking back at the 
problem." This result is supported by the finding 
that students who spent a year programming did 
not differ from control students in planning efficient 
routes for completing a set of chores.^^ Positive re- 
sults were found in a large-scale study of LOGO in 
15 schools over 7 months. The LOGO students 
showed significantly more improvement than did 
non-LOGO students on a test of nonverbal cogni- 
tive abilities, exhibited less reliance on their teachers, 
and showed more independent judgment.^"* i\i 
addition, 9- to 11-year-old students who received 



^'Harold Goldstein and Bryna S. Fraser, Training for Work in the 
ComputerAge: How Workers Who Use Computers Get Thar Train- 
in^ (Washington, DC. National Commission for Employment PoliLy, 
1985). 

*^M. Ford, Arizona State University, "Effects of Computer Program- 
ming on the Problem Solving Abilities of Sixth Grade Students," doc- 
toral dissertation, 1984. 

^^Roy D. Pea and D. Midian Kurland, LOGO Programming and the 
Development of Planning SkiHs.TQcUnLd Report No. 16 (New York, 
NY: Bank Street College of Education, Center for Children and Tceh 
noiogy, 1984). 

^*T.A. Swartz et ak, "Looking Into a Large Scnk: LOGO ProjCLt." 
paper presented at the annual meeting of the American Educational 
Research Association, New Orleans, 1984. 



I year of instruction in LOGO performed signifi- 
cantly better than control students on two of four 
problem solving tasks." Another study of 18 6- 
year-olds found that students who received 12 weeks 
of instruction in LOGO outperformed students who 
used the computer to study reading and mathematics 
in a CAI environment. Students were assessed on 
measures of creativity, metacognition (ability to 
monitor and evaluate one's own thinking processes), 
and on their ability to provide accurate descrip- 
tions—an important skill in programming. The two 
groups did not differ on general measures of cogni- 
tive development.^^ 

Simulations 

Computer programs develop.ed to simulate com- 
plex processes that occur in the world are available 
in several disciplines, including the physical and so- 
cial sciences. The computer simulates a process 
through a variety of activities, including writing mes- 
sages, "acting-out" the process of a phenomenon 
through illustrations and animation, and drawing 
graphs based on simulated data. Examples of simu- 
lations range from programs that allow students to 
see how an object behaves in a Newtonian environ- 
ment, to programs that allow students to play the 
roles of world leaders making important decisions. 

Some simulations are able to represent complex 
scientific concepts in ways that are impossible with- 
out computers. These representations attempt to in- 
crease the understanding students have of concepts 
that have been traditionally quite difficult to grasp. 

Physical Sciences 

In physics, several pieces of software have been 
developed to simulate an artificial, frictionless world 
where the laws of Newtonian physics can be exam- 
ined. Students can perform experiments and observe 
results that are not possible in a friction-filled, class- 
room environment. One study used two computer 
simulations to diagnose and correct first-year col- 
lege physics students* misconceptions about speed 



**JoyLa Statz, Syracuse Ur»»veriity, "The Development of Computer 
Programming Con^.ept^. and Problem Solving A^tiviticj* Among Ten- 
YearOlds Learning I OGO," doctoral dissertation. 1973. 

'^D. Clements aiid O.F. Gullo, "Effcvts of Computer Programming 
on Young Children i CognitMUt ' Juuriul <>fE Juuiti<fn*il Piyi.huLi*^ , 
vol. 76, No. 6, 1984. 
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and force. In the speed study, racing cars moved 
across the screen representing relative motion; in 
the force study, rockets represented the principles 
of force as related to energy and momentum. Stu- 
dents clearly understood speed better after using the 
race car program, but did not improve in their un- 
derstanding of force after working with the rocket 
programs." High school students working with 
computer simulations to teach them to solve force 
and motion problems using Newton's laws of mo- 
tion learned significantly more than students who 
did not use the program.^^ 

Social Sciences 

Noncomputer-based simulations have long been 
used to raise students' interest in and understand- 
ing of social studies. Although research indicates 
that simulations do hot necessarily improve the 
learning of content or skills beyond conventional 
instruction, they do seem to increase students' moti- 
vation, attitude, and participation. Simulations can 
also be a more effective way to involve students in 
decisionmaking processes, and they help convey 
complex representations of reality better than print 
materials or classroom lecture and discussion.""* 

Graduate students and faculty at the University 
of Michigan have developed two computer-mediated 
social science simulations in which students play the 
role of national or world leaders engaged in gov- 
ernmental or international affairs. One simulation 
represents the United States Constitutional Con- 
vention. Another, International Communications 
Simulation (/CS), represents the Arab-Israeli con- 
flict. Working in teams of five or more, each stu- 
dent assumes the role of a particular individual or 
group represented in the conflict, such as the presi- 
dent or king of the country, the defense minister, 
leader of a guerrilla group, or diplomatic envoy. 



^'Pctcr W. Hcwson, "Microcomputc'r?^, Conceptual Change and the 
Design of Stjen<,e Instru<.tion. Examf.L^ From Kinematics and Dy 
namics," South Atlrnn Journai of Science^ vol. 80, 1984. 

^Barbara White, ''Deigning Computer Games To Help Physics Stu» 
dents Understand Newton*$ Lavvs of Motions," C<^ninon andlnstnic 
(ion, vol. 1, No. 1, 1934, pp. 69-108. 

^Allen Glenn and Lee Ehman, Computer Based Education in So 
cial Studies (Bloomington, IN: Indiana University, Social Studies De- 
velopment Center and ERIC Clearinghouse for Social Studies/Social 
Science Education, 1987); and Mark C. Schug and Henry S. Kepner, 
Jr., "Choosing Computer Simulations m Social Studies," Tlie Social 
Studies, vol. 75, September/October 1931, pp. 211 215. 
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Teams are dispersed over 15 States and countries, 
including Mexico, West German, and France; they 
communicate with each other and with university 
staff. 

Nearly 120 schools have participated in /CS, and 
informal evaluations have shown a number of posi- 
tive effects. Students are more motivated to engage 
in high level critical thinking, have a b ^rer under- 
standing of the dynamics of political affairs, appreci- 
ate the variety of perspectives on issues, gain experi- 
ence with the computer and computer-mediated 
communications, develop insight into the research 
process, acquire researcn skills, have an opportu- 
nity to practice writing clear, forceful prose, and ex- 
perience the challenge of making important deci- 
sions and the seeing the consequences of their 
decisions. 

There are many types of simulations, but very few 
have been studied in a research setting. Because of 
the wide variability in the types of simulations, it 
would be difficult to generalize about the effects on 
learning of simulations in general. 

Microcomputer-Based Laboratories 

One of the more promising uses of computers *s 
as a tool in the science laboratory. Scientists have 
been using computers to measure and graph phe- 
nomena for years, but they are just now making 
their way into classrooms. These laboratory tools, 
called microcomputer-based laboratories (MBLs), 
consist of probes attached to a computer. The probes, 
interaccing with specially designed software, "sense** 
and measure various phenomena, such as light, heat, 
temperature, brain waves, pulse rate, and distance. 

For example, students working with a sound probe 
can measure loudness or pitch, and the computer 
will record, display, analyze, and play Lac'' the 
sounds being measured. Students . try to prouuce 
a "smooth" graph by humming a pure note into the 
microphone— or can compare the gi'aphs of high and 
low notes. They can measure the wave length of 
sounds that are an octave apavc or compose a tune 
by plotting a graph of pitches they select. These 
activities help students to gain a sense of whz* is 
meant by rhe pitch of a tone. 

Measurement is not new in school science labora- 
tories. Students spend most of their time measur- 
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Photo credit: Marcia Unn, University of California, Berkeley 



Studies of microcomputer-based laboratories (MBLs) 
indicate that students using them grasp complex 
scientific concepts at a deeper level of understanding 
and become more proficient in using graphs than when 
MBLs are not used. 

ing, recording, and graphing phenomena of inter- 
est; they often get lost in detail and lose sight of the 
experiment's focus— the concepts it is designed to 
convey. The computer can free up students to ask 
the "What if?" questions that characterize the prac- 
t icing scientist's world. 

A number of studies of MBLs in science labora- 
tories indicate that students using MBLs grasp com 
plex scientific concepts at a deeper level of under- 
standing than when MBLs are not used/^ In 
addition, MBLs have been successful in helping stu- 
dents to understand graphs— an important skill in 
learning science, but one that students often fail to 
master. 

A critical factor in MBL use in the classroom is 
the way it is used by the teacher. Researchers ex- 
amined a teacher's approach to using MBLs with 
various groups of students: one honors class, two 
average-ability classes, and one class of learning dis- 
abled students with average or above average intel- 
ligence. The teacher was most structured with the 
special needs students, discouraging them from ex- 
ploring the equipment or from trying variations of 



Marianne Wiser, Designing a Microcomputcr'Bascd LaboTatory To 
InduLC (he Diffcrcntiatior. Between Heat and TemperacuTe tn Ninth 
Graders, Technical Report No. 85-15 (Cambridge, MA: Harvard 
University, Educational Technology Center, 1985); and Marcia C. Linn 
et a! , "Cognitive Consequences of MiLrotomputer-BabeJ Laboratories. 
Graphing Skills Development, "y^i^^ia/ of ContemporaT} EJuLattonal 
Psychology, 1986. 



an activity presented on the laboratory sheets. With 
the honors students, the teacher allowed substan- 
tially more autonomy. All students, except those 
in the special needs class, showed significant gains 
in their overall scores in mathematics skills and in 
understanding scientific concepts. The researchers 
plan to conduct further studies where learning dis- 
abled students use MBLs in an inquiry-based instruct 
tional setting.^* 

Educators and scientists generally agree that it is 
important for students to engage in a process of sci- 
entific inquiry. This is often characterized by exten- 
sive discussions where students attempt to construct 
defensible explanations for observable phenomena. 
Researchers noted that many teachers tended to use 
MBLs in a very structured way, with little or no dis- 
cussions of experiments. In some instances, little time 
was devoted to independent exploration or experi- 
mentation. In fact, even projects that trained 
teachers in the use of inquiry-based instructional 
strategies for use with a particular computer appli- 
cation showed that teachers reverted to a procedural 
approach. (See box 3-B.) 

Graphing 

National test results show that students do poorly 
at graphing, despite the fact that graphing receives 
considerable attention in both algebra and geome- 
try classes. Graphs are a powerful way to see func- 
tional relationships, for example, relationships be- 
tween temperature change and time, or pulse rate 
and exercise. Students who have a solid grasp of 
graphing skills are more adept at studying changes 
in physical and social sciences. 

The computer is an ideal tool for teaching graph- 
ing skills; it provides an instant representation of 
the relationships between variables and allows stu- 
dents to see graphs in real time as an experiment 
unfolds. The computer frees students from lower- 
level tasks (such as plotting points on a graph by 
hand) and allows them to focus on the more ab- 
stract, complex, and intellectually meaningful con- 
cepts. Results of studies where students use the 
computer to develop graphing skills are more con- 
sistently positive than any other area of computer 
use, 

^'Janice R. Mokros and Deborah L. Levine, Tethnii«I Education 
Rebcareh Centers, "The Use and Impact of MBL as a Function of 
Learner Characteristics," unpublished manuscript, n.d. 
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Box 3'B.— Microcomputef'Based Laboratories in Practice 

Tim Barclay, a researcher at the Technical Education Research Centers (TERC), a laboratory that has taken 
the lead in developing microcomputer-based laboratories (MBLs) for classroom use, characterizes TERC's view 
of how MBLs should be used:^ 

MBLs are toUs that Have the potential to empower students to be scientists and creative explorers of the world. 
Being a scientist means investigating the natural world, asking your own questions, finding out *wha Sappens-if.' 
Promoting inquiry in the cUssroom is a creative act, a process more easily described when it goes awry than when 
its nurtured. 

Barclay provider illuminating examples of procedural and inquiry classroom environments: 

In one MBL classroom at a large, suburban, junior high school ... the teacher spent all the introductory time 
emphasizing a proper sequence of menu choices needed to follow the activity sheet instructions. When the students 
broke up into small groups, each with their own microcomputer and probes, the task had become *do it right*. But 
what was that? They did not remember for sure what was righr, and they did not read the instructions on the activity 

sheets either They called on the teacher: "What do I do next?" "Is this right?" "Why didn't it work?" Lacking 

any sense of the nature of the activity, the means had become a meaningless end. Completion was all, understanding 
was beside the point. 

^ A seventh grade class that used the MBL Sound Unit fo^ several months is an example of tool -empowered in- 
quiry. Tne two science teachers started by using the unit with their whole class as a group investigation. A single 
microcomputer was set up at the front of the class. Initially, the teacher posed the problems with the students suggest- 
ing how to find an answer and then using the probes to try it. 

As the unit progressed, students began to pose questions. The probe and the micro became tools for studying 
sound—sometimes to quickly show something, other times for an investigation that took up a whole class period. 
At the end of the sound unit, students did their own projects. These involved research and e.xperiments and reports 
on topics that ranged firom comparing the wave pictures from different musical instruments to analyzing bird songs. 
The teachers had made MBL their own, used it in their classrooms, and then passed it as a gift to their students 
to make into their own tool as well. 



'The fo!!ow,^ng quotes arc from Tim Barclay. "Coping Vt'uh Iiujuiry." HanA On! vol. IC, Ko. I, ncwslcwcr of ihc Technical Education Research Centers, 
Cambridge, MA, 19S7. 



Sixth-grade students who worked in groups of 
three used MBLs to pioduce and observe grapks of 
motion in real time. The children's task was to pro- 
duce a particular graph by moving about the room. 
This was possible because of sonar detectors and 
software that "sensed" the direction and speed of 
students* movements. For example, one student 
would play the role of the "dancer," moving about 
the room under the direction of two peers who 
offered advice about which way to move. When a 
graph was completed, students critiqued their own 
performance, and often, the dancer would beg for 
a chance to repeat the graph until he or she was 
satisfied with the results." Students exhibited a 
solid understanding of distance and velociry graphs 
and achieved a mean score of 85 percent correct on 



'*Ron K Thornum, TooIk for Sucntifii. Thmhnf: Stunxompuur 
Based Laboratories for (Iw Wmc Sacnu- Learner, Tcchnic.i! Rc|x»rr 
85-6 (Cainhridge, MA: Tcchnic.il Hdutntioii Research Centers. I<>SS). 



a tebt of related graphing skills. Several other studies 
using MBLs to develop graphing skills show simi- 
lar results.*^ 

Game-like strategies are a second approach to 
teaching graphing skills. Programs called Green 
Globs and Algebra ArcnJe were developed to help 
student^ understand the relationships between al- 
gebraic equations and their corresponding graphs. 
Thi*J is based on the observation that one skill that 
>eems to distinguish bright students with an apti- 
tude for niathematics from other bright students 
who are less able in mathematics is their ability to 
look at polynomial equations and to quickly visual- 
ize what their graphs \vould look like. 



' Linn ct .il., op cn., Anijiiorc V; and Januc R. XJokro^ and Ro!?crt 
r. Tinker, "The Impaa of Nhcr<Hompurer*BaNcd Libs on Crhildren's 
Abjiitv to Interpret draplis," hninul oi Rc^e.irdi m Stenw Teadi' 
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These computerized graphing games develop this 
ability by asking students to write an appropriate 
equation for a given graph. In Green Globsy the 
computer displays coordinate axes with 13 green 
globs scattered randomly on the screen. The stu- 
denC^s task is to hit all v>f the globs with graphs that 
are generated by typing in equations. When a glob 
is hit, it explodes and disappears. The student's equa- 
tion is instantly displayed in graphic form, so the 
student receives immediate feedback on his or her 
ideas (see figure 3-2). 

One evaluation showed that students who regu- 
larly used Green Globs increased their graphing abil- 
ities more than control students who were uninten- 
tionally exposed to the graphing games for a short 
amount of time.^ 



Algebra Arcade— outgrowth of the Green 
Globs graphing program— was used with bright, fe- 
male high school students who exhibited mathe- 
matics anxiety. Students who used the computer in 
this study were much more likely to 'sxpWe rela- 
tionships, try out ideas, try more experiments, and 
ask more questions, such as "If we made the num- 
bers on the coordinates small by making the scale 
spaces large, would it speed up our calculations? 
What would we miss?" These results carried over 
to science laboratory investigations. '1 he computer 
students were more likely to explore the differences 
in the interplay between phenomena and their rep- 
resentations in models, data tables, and graphs.^^ 



^Sharon Dugda!e and D. Kibbcy, University of Illinois, Urbana' 
Champaign, "Prototype Microcomputer Courseware for Teaching High 
School Algebra/' $£080-12449, final report to the National Sviencc 
Foundation, 1980. 



"Mar> Budd Rowe, University of Florida, Gainesville, "Computer 
Graphics in the Suence Laboratory. An E.\periment," unpublished 
manuscript, 1986. 



MULTIMEDIA PROGRAMS 



Several software programs have been developed 
in conjunction with videodisc and other media to 
provide learning environments in mathematics and 
science for students in grades 4-6. The Voyage of 
the Mimi was developed by researchers at the Bank 
Street College of Education, Center for Children 
and Technology. The ins^'ructional materials include 
learning modules, each with a different type of soft- 
ware and assorted print materials. The software 
models a variety of adult uses of technology, include 
ing a training simulation, a microworld, a program- 
ming environment, and a microcomputer-based 
physics laboratory. All of the video programs are 
closed'Captioned in two languages: English and 
Spanish, and since one of the main characters is 
deaf, signing is used throughout. A key element of 
the design of the Voyage of the Mimi was the in- 
volvement of teachers throughout all phases of de- 
velopment.^^ 



^Cynthia Char and Jan Hawkins, "Charting the Course. Involv- 
ing Teachers in the Formative Research and Design of The Voyage 
if the Mimi*," Children and Microcomputers: Theory, Research, and 
DcvLbpmcm From Bank Street Colleges Center for Children and 
Technology (working title), Roy Pea and Karen Sheingold »cds.) iNor- 
wood, NJ: Ablex Publishing, in press). 



The video documentary segments show scientists 
in their actual working environment; students get 
a sense of the scientific processes and procedures as 
they are used in real work situations. The learning 
modules include: simulation games of navigation 
problems; an MBL package for gathering and graph- 
ing temperature, sound, and light data; and a com- 




Photo credit: Agency for Instructional Technology 



While Studying with the Voyage of the Mimi in school, 
Colby Leonard became "hooked" on science and bdill 
this bioshelteo a complete ecosystem, in his back yard. 
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Figure 3 2. --Graphing Equations Using the Computer 
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SOURCE. Olspiays of computet screens Uom Green Globs by Sharon Ougdale and Oavid Kirby, reprinted wtth permtsston of the authors. For additionat information 
see. Sharon Ous^lale, "Green Globs. A Mirrocomputer Application for Graphing of Equations.' Mathomatics Teacher, rAarcU )982. 
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puter simulation that allows students to explore the 
food chain, species populations, and the impact of 
human intervention on ecosystems. The software 
is accompanied by teacher guides that include a com- 
prehensive discussion of whales (one of the major 
topics) and suggestions for classroom activities. 

The learning modules were field tested over a 2" 
year period with 82 teachers and staff developers 
from 13 districts across the country to obtain their 
reactions to the videotape and software. The re- 
searchers observed the use of the materials in class- 
rooms, conducted student and teacher interviews, 
and collected daily logs maintained by teachers re- 
garding their perceptions of the materials as they 
were being tried out. The researchers conducted 1 
week training sessions for teachers in the principles 
of inquiry-based instruction.^' 

The integration of inquiry teaching strategies with 
the use of technology was the primary goal of the 

^'Margaret A. Honey ct al, "Teaching Technology; Creating Envi' 
ronmentsfor Change," paper presented at the American Educational 
Research Association, Washington, DC, 1987. 



Mimi project. Inquiry teaching promotes an envi 
ronment that tolei.*tes ambiguity and encourages 
students' questions. The researchers found that few 
teachers were able to adopt or sustain a style of 
teaching that encouraged inquiry. Teachers tended 
to ask the majority of the questions and rewarded 
students for guessing correctly. Teachers required 
continual help in maintaining a classroom climate 
that emphasized reasoning rather than right an- 
swers, and only teachers who had experience in 
inquiry-based instruction used the materials in an 
open-ended way. The researchers found that it was 
important to provide training in the scientific con- 
cepts covered in the materials and to give teachers 
rich and varied suggestions tor classroom activities. 
All teachers using the Mimi materials reported that 
they intend to use them again and recommended 
the materials to other teachers. 



DATABASE MANAGEMENT 



Students in some classrooms use database man- 
agement software to store, update, retrieve, organize, 
sort, format, and perform computations on data. 
Unfortunately, while there are numerous anecdotal 
reports enthusiastically describing their use in class- 
rooms across the country, there is very little research 
documenting the effects of such tools in learning. 

One of the few studies conducted on the use of 
databases involved 14 teachers and 665 students in 
grades 7 through 12. One group of students used 
a computerized database {PFS: Curriculum Data 
Bases for U.S. History and for U.S. Government)^ 
while the control students used the same curriculum- 
specific data printed on 4" x 6" index car Is housed 
in plastic file boxes. 

The key difference between the activities engaged 
in by the two groups was in the level of structure. 
Students in the computer group received detailed 
instruction in how to use the computerized data- 
base system to solve problems, define information, 
develop data retrieval specifications, interpret and 
evaluate retrieved data, and revise retrieval speci- 



fications. The control students did not receive sim- 
ilar step-by-step guidance in noncomputerized data 
management. In addition, the design of the data- 
base program imposed ir.v re of a structure in ma- 
nipulating data than was possible with the students 
who used the index card system. 

In a carefully controlled experimental design to 
test information processing skills, students using the 
computer database program in concert with struc- 
tured activities significantly outperformed the con- 
trol students. The specific abilities measured on the 
Information Processing Scale were: 1) to recognize 
sufficient information to solve a given problem, 2) 
to recognize whether the infornc.ation presented was 
relevant to a given problem, and 3) to discriminate 
between efficient and inefficient organizations of in- 
formation to solve a given problem,'^ 

^'*CharIes White, Indiana University, "The Impact of Structured 
Aaivkticb With a Cumputcr-BdbcJ File M.inagt merit Program uti 
SdccteJ Infurmatiuij Proccbbing SkilU," JucCural Jib^citatiun, 1986. Sec 
also Charles White, "Developing Information -Processing Skills Through 
Structured Activities With a Computerized File-Management Program " 
Journdl of EJuLatioiuil Computing /^citMrt/i, vul. 3, Ko. I, 1987. 



ERIC 



73 



59 



The use of database systems is likely to increase, 
especially as this tool will continue to play a cen- 
tral role in business management, science, and in- 
dustry. Skills that students need in order to use these 
systems include the ability to; 

• define a problem in specific terms, perhaps 
breaking it up into several small problems; 

• identify specific data needed to address that 
problem; 

• locate and extract relevant data from the larger 
collection of data; 

• put the data in a useful order (e.g., by size, date, 
age); 

• organize printed lists or arrangements of the 
data; 



• use the information obtained to identify pat- 
terns such as relationships or trends (as well as 
cases that depart from the patterns); 

• identify furthc; information needed in order to 
explain, interpret or investigate cause and ef- 
fect relationships; and 

• communicate findings to others. 

^Beverly Hunter, "Knowledge- Creative Learning With Data Bases/* 
Social Education y vol. 51, No. I, 1987. See also M. Rothman, "Using 
the MkroLomputer to Study the Anatomy of Revolution," The Cant' 
pudng Teacher, vol. 10, September 1982; Tama Traberman, "Using 
Interactive Computer Techniques to Develop Global Understanding." 
The Computing Teacher , September 1983, and D.M. Morrison and 
J. Walters, "IMMIGRANT: A Social Studies Simulation for Apple- 
Works," Computers in the Classroom: Experiences Teaching With Flex- 
ible Tools, C. Thompson and I . Vaughn (eds.) (Chelmsford, MA: 
Northeast Regional Exchange, Inc., 1986). 



WORD PROCESSING 



Word processors offer writers ea^e in editing, neat 
printed copy, and tend to make the process of writ- 
ing more public. They often incorporate features 
that hyphenate words and check on spelling, and 
some of the more complex correction programs com- 
ment on the screen about style and grammar, while 
others catch errors and report them to the writer. 
Students' writing does not necessarily improve 
merely by using the word processor. While students 
may be inclined to write more text, and enjoy wnt- 
ing more when they use a computer, students' correc- 
tions are often mechanical rather than substantive.^*^ 

A number of key differences in the writing and 
revision process of expert and novice writers have 
emerged from research on writing. Experienced 
writers revise extensively, while beginning writers 
tend to make superficial changes, such as spelling 
or word choices. In fact, beginning writers often do 
not even read over their text when asked to revise, 
but rewrite from memory. Revision is a complex cog- 



^''Colette A. Daiute, "PsychohnguistiL Foundations of the >X'nting 
Process," /?c5carc/i in the Teaching of English, 1981, pp. 5-22; Colette 
A. Daiute, "The Effects of Automatic Prompting in Young Writers," 
interim reports to the Spencer Foundation, 198 1, 1983. See alsu R.M. 
Collier, "The Word Processor and Revision Strategies," College Com 
position and Communication, vol. ^4, 1983, pp. 149-155, and L. Bnd 
well ct al., "Revising and Computing. Case Studies of Student Writers," 
TTjc i4a7u/5/f/on of Written Language. Rexibion flnJ/^ci/xJiksc, S. Frucd 
man (cd.) (Norwood, NJ: Ablcx, 1985), pp. 172-194. 



nitive process."*' Young or novice writers may not 
know what to do when asked to revise. Revision 
requires writers to evaluate their writing, diagnose 
problems, and figure out how to correct the prob- 
lems. Merely easing the physical requirements of 
writing does little to ensure that these cognitive abil- 
ities are developed. 

Researchers have begun to identify key strategies 
that seem to be essential for reading, critiquing, and 
improving one's own written work. Some of these 
strategies are being incorporated into software pro- 
grams for writing. For example, a program called 
Catch encourages students to take the point of view 
of the reader as they revise and prompts students 
to focus on the meaning of a passage rather than 
on its more superficial aspects. Studies with middle 
school students showed that students using the 
Catch software made mure revisions from the origi- 
nal text when compared with students who used 
only a word processor. Revising in this manner also 
means that more changes can be made within the 
body of the text rather than by adding changes at 
the end. These results are particularly significant, 



^'Colette A. Da lute, "Phy^iLal and Cognitive Facto ri m Revising: 
IiiMghtb From Studies With Con»puteri," RescarJt m the TeaLhmg 
of English, vul. 20, 1986, pp. HM59, Culette A. Daiute, Writing and 
Computers i Reading, MA. Addibun- Wesley, 1985), and L. Flower ct 
al., "Dettxtjori, Diagnosis, and the Strategicb of Rcvis>iun," College Com- 
{x>sition and Communitation, vol. 37, 1986, pp. 16-55. 
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because it is rare for beginring writers to rtvise in 
this fashion, regardless of their age.**^ 

Findings concerning how learning disabled stu- 
dents use the word processor are consistent with 
those from studi'^s of regular students. In a year-long 
study, learning Gtsabled students who used the word 
processor as a supplement to writing instruction 
made significant gains in their writing ability com- 
pared to a control group that did not receive the 
special intervention.''^ It appears that the word 



^tolette A. Daiute, "Rewriting, Revising and Recopymg," paper 
presented at the meeting of the American Educational Research Asso- 
ciation, New Orleans, April 1984, and Colette A. Daiute and John 
Kruidenier, "A Self-Questioning Strategy To Increase Young Writers' 
Revising Processes,'' i4pp//«fPsKcfto//ngii;sf/c5, vol. 6, 1985, pp. 307-318. 

''^L.B. Kershner and B.J. Kibtinger, "Language Processing/Word 
Processing: Written Expression, Computers and Learning Disabled Stu- 
dents," Learnt ng Disability Quarterly, vol. 7, 1984, pp. 329-335. See 
also S. Graham and Charles MacArthur, "Improving Learning Dis- 
abled Students' Skills at Revising Essays P- iuced on a Word Proces- 
sor: Self-Instructional Strategy Training,'' unpublished raw data, 1987. 



processor alone does not significantly enhance the 
writing abilities of either regular or learning disa- 
bled students. But when coupled with instruction 
in strategies for writing (for example, strategies for 
generating ideas or for revising) tend to produce 
more fluency in writing and revisions that affect 
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^See, for example, Catherine C. Morocco and S.B. Neuman, 
Teachers, Children and the Magical Writing Machine Q^cwtout MA: 
E.C.C., 1987); C. Morocco and S.B. Neuman, "Word Processors and 
the Acquisitions of Writing Strategies," Tourna/ of Learning Disabih- 
ties, vol. 19, 1986, pp. 243-247, E. Ellis and E. Sabornie, "Effective In- 
struction With Microcomputers. Promises, Practices and Preliminary 
Findings," Fc^^is on Exceptional Children, vol. 19, No. 4, 1986, pp. 
1-16, Charles n. MacArthur et al.. Learning Disabled Students' Com- 
posing With Three Methods: Handwriting, Dictation and Word Proc- 
essing, Research Report No. 109 (College Park, MD. University of Mary- 
land, Institute for the Study of Exceptional Children and Youth, 1986), 
and S.B. Neuman and C. Morocco, Two Hands is Hard for Me. Key- 
boarding and Learning Disabled Children (Ncwtun, MA. University 
of Lcwell, Education Development Center, 1986). 



LANGUAGE ARTS 



Reading Comprehension 

According to reading theory, comprehension is 
dependent on several cognitive processes, including 
decoding, word recognition, and knowledge. If a 
reader is deficient in one or more of these aspects, 
the ability to read and understand will be impaired. 
Early instruction in reading typically aims to develop 
proficiency in the subprocesses, so that learners can 
devote intellectual activity to higher levels of think- 
ing. While the vast majority of computer-based 
learning materials treat the simplest of language 
tasks— spelling and vocabulary— there are some pro- 
ducts that aim at more complex aspects of compre- 
hension. 

In a study of 108 low-achieving, poor black chil- 
dren, it was found that students who used two read- 
ing programs outperformed a control group in both 
accuracy and efficiency of decoding and recogni- 
tion."*^ These programs, called Construct-a-Word 
and Hint-and-Hunty have students compose words 
from letter strings and identify words with vowels 



^''Steven F. Roth and Isabel L. Beck, "Theoretical and Instructional 
Imphcatiuns of the Abbessmenc of Two Micrucumputcr \Xord Recog 
nition Programs," Reading Research Quarterly, vol. 22, 1987, pp. 
197-218. 



and vowel combinations. The improvements for 
low-ability students were substantial— they gained 
over 1 *;ear on standardized tests— but students who 
were already adequate in their decoding skills did 
not show any changes. The findings were essentially 
the same for the development of students' ability 
to comprehend phrases and sentences. 

The hypothesis that a computer can enable readers 
lO understand text according to their individual 
needs for assistance in comprehension has been 
tested in a controlled experiment; results showed 
that students who received various forms of com- 
prehension assistance— without asking for such 
assistance— outperformed other groups."'^ In addi- 
tion, computers have been paired with speech syn- 
thesizers to assist both regular and special educa- 
tion students in understanding words or pairs of 
words. Among the perceived advantages of com- 
puter-aided reading, researchers point out that; 1) 
disabled readers can conveniently and privately re- 
ceive the decoding help they need without an indi- 



^David Reinking and Robert Schreiner, "The Effects of Com- 
puter Mediated Text on Measures uf Reading Cumprehcnsion and 
Reading hehawor, " Reading Research Quarterly, vol. 10, No. 5, 1985, 
pp. 536-551. 
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vidual human tutor or teacher, 2) speech feedback 
can be tailored to match the unique needs of each 
student, 3) a wider variety of reading materials can 
be used, 4) reading can become a means for gain- 
ing knowledge, 5) the amount of actual time spent 
reading is maximized because the reader/student 
does not have to wait for the teacher to explain an 
unknown word or spend lengthy periods trying to 
identify difficult words, 6) students are more likely 
to experience a feeling of success as they progress 
through the material and easily gain knowledge of 
new words and increased information from the pas- 
sages, and 7) the computer maintains a detailed 
record of the student s reading and requests for 
assistance, thereby providing researchers with use- 
ful information for the study of comprehension 
problems.^' 

In one study of the impact of computer-aided read- 
ing on reading disabled students aged 8 to 18, it was 
demonstrated that the students enjoyed using the 
system and showed significant short-term gains in 
word recognition and comprehension when audio 
feedback was available.^^ 

In another pilot study, six students enrolled in an 
adult education center were observed individually 
and interviewed by researchers as they used a com- 
puter-aided reading system. The reseaichers asked 
the participants to alternate reading the passages 
with and without the use of the speech feedback. 
One of the more interesting findings was that use 
of the speech feedback significantly reduced the level 
of stress the participants exhibited when struggling 
with reading in the unaided situation. The partici^ 
pants commented about how hard it was to read 
and asked if they had to continue. The researchers 
reported that much of the stress disappeared when 
they used the speech feedback. The students all in- 
dicated that it was much easier to read when they 
had the assistance and inquired if it were possible 
to obtain such a system for their personal use and 
for use by their children or spouses. In addition. 



* George W. MtCoiikte et al., Center fur the Study uf Reading, 
University of Illinois, Urbana-Champaign, "Cumputer Aided Read* 
ing With Illiterate Adults," unpublished manuscript, 1987. 

^''R. Olson et al., "Reading Inj.truLtiun and Remediatiun With the 
Aid of Computer Speech," Bchiivior ReiLuiri.h XlethoJb, InstwmcnCb 
and Computers, vol. 18, No. 2, 1986, pp. 93-99; and R. Olson and 
B. W'-^e, "Computer Speech in Reading Instructiun," Computers and 
Reaamg. Issues for Theory and PrauiLi., D. Reinkmg ^ed.) ^Kew Yurk, 
NY: Teachers College Press, 1987). 
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many students indicated that they would read more 
if such a system were available."*^ 

Vocabulary and Grammar 

Staff at the Houston Independent School District 
used speech synthesizers in their locally-developed 
computer courseware designed to assist limited Eng- 
lish proficient students in learning English vocabu- 
lary and grammar. The district resorted to develop- 
ing their own computer-based instructional system 
when they were unable to locate commercially-de- 
veloped materials suitable for their 34,000 limited 
English proficient students. The resulting courseware 
incorporates dynamic, high resolution graphics and 
digitized speech within a variety of simulation and 
game programs and is intended for students in kin- 
dergarten through fifth grades. Results of one of the 
14 courseware units showed that the treatment 
group scored significantly better than did control 
students.^ 

Writing, Reading, and Spelling 

One oi the most widely marketed computer-based 
educational programs using digitized speech is IBM's 
Writing to Read. It is a multicomponent system in- 
volving kindergarten and first grade children in typ- 
ing words, reading while listening to tape-recorded 
stories, and listening to computerized speech de- 
signed to teach basic phonics. 

The evaluation of Writing to Read was one of the 
most comprehensive studies conducted at the kin- 
dergarten and first grade levels. A nationwide sam- 
ple of 35 Writing to Read schools and 25 non- 
Writing to Read schools was assessed, representing 
over 200 teachers and 7,000 children. Writing, read- 
ing, and spelling skills were measured.*^' 

The results showed that the Writing to Read stu- 
dents performed significantly better in writing than 



'''George W. McConkie and David Zola, "Computer Aided Read- 
ings An Environment for Developmental Research," paper presented 
at the Society for Research on Child Development, Toronto. Canada, 
1985. 

"^Jean Anderson, English as a Second Laugoagc. Courseware Prod- 
ULt Evaluation Report (Houston, TX. Houston Independent School 
District, 1985). 

Richard T. Murphy and Lola Rhea Appcl, E- jation of the Wr/f- 
ing fo Read Instrui-tional System J 932 34 (Pria jn, NJ, Educational 
Testing Service, 1984). 
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the control students in both kindergarten and first 
grade (table 3-1). Wricin^ to Read students in the 
first grade 1 year after using the program still out- 
performed non-Writing to Read students, but the 
differences between the two groups narrowed sub- 
stantially. In fact, while the non-Writing to Read 
scores increased over the year, the Writing to Read 
scores decreased slightly. The effects of the program 
were consistent across all ethnic groups, with the 
exception of Oriental students where the non- 
Writing to Read students performed slightly better 
than the Writing to Read students. Classroom ob- 
servations revealed that students were delighted with 
their writing and eager to read their passages aloud 
to visitors. 

The results for reading were less impressive. Chil- 
dren in both the non-Writing to Read and the Writ- 



Table 3-1.— Mean Writing Scores by Group (percent) 



Group 


Writing to Read 


Non-Writing 
to Read 


Kindergarten 


4.5 


3.1 




6.6 


4.9 


First grade after 








6.5 


5.7 


SOURCE' Richard T. Murphy and Lola Rhea Appel, Evaluation of the Writing to 
Read Instructional System, 1982-84 ^Hrinccton, NJ. Educational Test- 
ing Service, 1984). 



ing to Read program progressed at about the same 
pace. 

Spelling was assessed in a less systematic fashion, 
but results showed that the performance of both 
groups was quite similar: although it uses a phonetic 
alphabet, Writing to Read did not appear to have 
a negative affect on students' spelling. 
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A survey of teachers showed that Wndng to Read 
teachers rated the program tar more effective for 
above-average students than for average or below- 
average students. Unfortunately, the study suffered 
from a problem found in several other studies de- 
scribed in this chapter— the WriUng ro Read stu- 
dents spent more time in reading instruction than 
did the control groups. A larger percentage of 
teachers involved in the Writing to Read program 
reported spending more time on reading instruction 
than in previous years (58.2 percent) than d^d the 
non-Writing to Read teachers (26.7 percent). In writ- 
ing, 80.5 percent of the Writing to Read teachers 
indicated that they spent more time on writing than 
in the previous years as compared with 30.5 percent 
in the non-Writing to Read classrooms. On the one 
hand, any program that engages kindergarten and 
first-grade children in writing activities is desirable, 
but the positive effects found in the program may 
be attributable to increased time rather than to any 
aspect of the Writing to Read program. 

Researchers at Vanderbilt University's Learning 
Technology Center have shown that the speech syn- 
thesizer can be effective in providing spelling instruc- 
tion. In traditional approaches to spelling instruc- 
tion, the teacher says the word, students write it, 
and then the writttn word is compared to the cor- 
rectly spelled word. Some computerized approaches 
have students type the word from a model on the 
screen, then type the same word after the model is 
removed, and then enter the word into a sentence. 
Most studies using variations on this instructional 

^^Olson and Wise, op. cit., footnote 48. 



theme nave shown either no significant difference 
between computer and noncomputer groups and/or 
limited success with either group."^^ 

The Vanderbilt researchers argue that these ap- 
proaches were unsuccessful because the student 
could rely on spelling the word by engaging short- 
term memory. They investigated presenting the 
spelling words to students by using a voice simu- 
lator, which, they believe, activates long-term mem- 
ory. When the student spells the word incorrectly, 
the computer visually and auditorially imitates the 
student's error and provides the correct spelling, so 
that the student can compare the two. Results jf 
studies using this approach show that computer- 
using students achieved an accuracy of over 90 per- 
cent on lists of spelling words; in addition, the com- 
puter students averaged over 30 percent more cor- 
rectly spelled words than when they used traditional 
procedures.^** 



"G. Fitzgerald ct al., "Computer-Assisted Instruction for Students 
with Attentional Difficulties,' Journal of Learning Disabilities^ vol. 19, 
No. 6, 1986, pp. 376-379; P.A. McDcrmott and M. W. Watkins, "Com- 
puterized vs. Conventional Remedial Instruction for Learning-Disabled 
Pupils," y^urn o/"Sp<xin/ £Jucaf/on, vol. 1, No. 1, 1983, Jacqueline 
Hayncs et al , Effect of Computer-Assisted Instruction on Learning 
Disabled Readers' Metacognmon and Learning of New Words, Research 
Report No. 101 \Collegc Park, MD: University of Maryland, Institute 
for the Study ofException.il Children and Youth, 1984). 

^Ted Hasselbring, "Remt2di«iting Spelling Problems in Learning- 
Handicapped Students Through the Use of Microcomputers," Educa- 
tionai Technology , vol. 22, 1982, pp. 31-32, and Ted Hasselbring, "Using 
a Micrui-omputcr fur Imitati.ig Student Errurs tu Improve Spelling Per- 
formance, *'Compufer5, Reading and Language Arts , vol. 4, 1984, pp. 
12-14. Sec also Ted Hasselbring, ^'Effective Computer Use in Special 
EduLatiOn. What Does the Research Tell Us?" a paper presented at 
Funder Forum, sponsored by Apple Computer, Inc., Cupertino, CA, 
1987. 



ELECTRONIC NETWORKS 



Electronic networks allow individuals or groups 
to communicate with one another using computers 
that are connected through local area networks 
(LANs) or through telephone lines. Electronic net 
works are being used in every subject area and at 
all but the earliest grade levels. A good example of 
a computer network used in education ii> the Com- 
puter Chronicles Newswire project, where third and 
fourth grade students in Alaska communicate with 
students in California about events and issues in 
their school and community. Each site publishes a 
newspaper that consists of articles selected by the 



student editorial board. Through this process, stu- 
dents engaged in dialogs with ethers from a differ- 
ent culture, struggled with communicating clearly 
in writing, and gained valuable experience in evalu- 
ating and revising compe itions." Similarly, in a 
computer network called De Orilla a Orilla (From 
Shore to Shore), limited and non-English speaking 
students in New England and Califs ^-nia are paired 



^^M.M. Riel, 'The Computer Chronicles Newswire: A Functional 
Learning Environment i i Acq uiriiig Literacy Skills," yt^iirna/ o/EJi/ui- 
tional Computing ResearK.h, vol. I, 1985, pp. 317 337. 
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with Spanish-speaking students in Mexico and 
Puerto Rico for the purpose of improving their writ- 
ing skills.^^ Another international computer com- 
munications network involves students in eight sec- 
ondary and college groups in the United States, 
Japan, and Israel. The project is designed to permit 
students from different cultures to use one another 
as resources for learning about their social, cultural, 
and physical worlds. Participating students explore 
topics such as peaceful alternatives to war, how 
schools prepare students for careers, peer violence, 
and water supply systems.^' 

Children in fourth through sixth grades are now 
collecting, recording, and comparing the range of 
acidity or alkalinity of common liquids, including 
rain, using an electronic network established through 
a joint venture among the Technical Education Re- 
search Centers, the National Geographic Society, 
and the National Science Foundation. 

This National Geographic Kids Network allows 
students to share information they collect with each 
other and a specially designated scientist on topics 
such as weather forecasting, water pollution, and 
food growing. A powerful central computer is used 
to summarize data supplied by the students and to 
create charts, maps, and other presentations which 
are sent back to the students. In their classrooms, 
students then analyze patterns and trends in their 
data and compaie their results with children in other 
schools across the Nation. Results from a pilot study 
of this network^s first year of operation were very 
promising.^^ 

Another science project using electronic commu- 
nications was tested by sixth-grade students and 
teachers in New York City.^' This project, called 
Earth Lab, allowed students to collect, analyze, 

^According to Sayers and Brown, initiators of the project, "Stu- 
dents in bilingual education programs need authentic contexts for 
mother-tongue writing if they are to develop and maintain basic liter- 
acy skills and then transfer them to English academic settings." Sayers 
considers computer networks to be a "perfect fit" with the special needs 
of bilingual students. See Dennis Sayers and K. Brown, "Bilingual Edu- 
cation, Second Language Learning and Telecommunicatiun. A Per- 
fect Fit," CALL Digest, vol. 3, No. 5, 1987. and Dennis Sayers, "Bilin- 
gual Sister Classes in Computer Writing Networks," unpublished 
manuscript, J 987. 

"M.M. Riel, *1ntercultural Learning Network," CALL Diccst, vol. 
3, No. 5, 1987. 

^Sec Technical Education Research Centers, Cambridge, MA, **Na- 
tional Geographic Society Kids Network Project Annual Report, Oc- 
tober 1, 1986-September 30, 1987." 

^avid Newman ct Earth Lab, Progress Report (New York, NY. 
Bank Street College of Education, 1987). 




Photo credit: Steve Raymer, National Geographic Society 

In the Kids Network Project, students collect water for 
PH testing as a part of the acid rain unit. 




Photo credit: Ceciiia Lenk, Technical Education Resource Centers 



Mapping activities are important as students compare 
their data with that of other student scientists 
on the Network. 




Photo credit: Sara Witherow, Technicai Education Resource Centers 



The mapping software Is used to find the "global 
address," or latitude and longitude, of any place on the 
map, to zoom*ln on areas for details, and to overlay 
Network data on the map. 
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o lare, and write about their own science research 
projects on geographic systems, such as convection, 
the water cycle, and weather forecasting. Earth Lab 
was designed for teachers who have little or no prior 
experience with computers or the complexities of 
real world science. 

Teachers in remote rural areas are using electronic 
networks to discuss the issues and problems they 
face in teaching science. The Educational TechnoU 



ogy Center at Harvard University has organized and 
is studying a networj^ designed to encourage teachers 
to pose and respond to each other s questions about 
bcience instruction and to participate in discussions 
originated h) "guest" scientists and educators. Early 
results indicate that more isolated teachers use the 
network more frequently, and that all teachers 
found the information obtained through the net- 
work valuable. 



CONCLUSIONS 



The "natural experiment" with interactive tech- 
nologies that began in American schools 30 years 
^o has spawned a new and growing family of re- 
, search and evaluation studies, which have already 
\ borne a substantial harvest of results and hypothe* 
\ses that warrant ongoing investigation. While in the 
early days the focus was almost exclusively on main* 
frame and minicomputer CAI systems, today*s re- 
search agenda spans a much wider spectrum of tech- 
nologies and explores their effects on the full array 
of educational processes. As important, the advent 
of interactive educational technologies has stimu- 
lated and facilitated new research forays into the 
cognitive workings of the human mind: technologies 
for learning are helping us to understand the tech- 
nology of learning. It is hoped that this new knowl- 
edge will eventually translate to products and proc- 
esses that can expand conventional limits to human 
information processing. 

OTA recognizes that research in this complex field 
of education yields findings that may be divergent 
or ambiguous. It should be remembered that many 
of the research models that map relationships be- 
tween inputs and edvicational productivity have 
been imported from tie worlds of science and busi- 
ness, where it is easier to define outcomes and iden- 
tify the production technology. Ironically, while 
business firms might have opted for a rigorous ex- 
perimental approach to office automation, using fa- 
miliar indicators such as profits and losses to deter- 
mine optimal technologies, they chose instead a 
strategy of learning-by-doing: hardware and software 
were installed and experience dictated the direction 
of change and improvement. While it is true that 
schools do not enjoy the decisionmaking and re- 



source allocation flexibility of business firms, it is 
also true that the effective integration of new tech- 
nologies will require an atmosphere of openness to 
trial, error, and correction. 

The analogy with business and industry is instruc- 
tive for another reason. Perhaps the single most im- 
portant distinction between these sectors' involve- 
ment with interactive technology is their mode of 
financing and governance. Education is a public en- 
terprise funded at the State and local level, and re- 
source allocation is necessarily highly politicized. Un- 
like business firms which, in theory at least, learn 
about the efficiency of their operations fi-om the mar- 
ket, and which enjoy considerable latitude in ad- 
justing to new technologies and new market forces, 
schools operate in an environment where inefficien- 
cies are neither obvious nor easily remedied. The 
paradox is that while the exigencies of school bud- 
geting and governance heighten the need for careful 
planning and efficient utilization of scarce resources, 
the complexities of education pose significant limi- 
tations to the application of simple efficiency cri- 
teria. It is not by simple oversight that virtually all 
of the studies cited in this chapter omitted consid- 
er.^tion of the costs of the technologies in question. 
Nevertheless, while educators and other users of 
these technologies may be concerned primarily with 
their effects on children's school experiences, pol- 
icymakers are facing growing pressure to demon- 
strate that those benefits justify their costs. In an 
era when performance, productivity, and efficiency 
of our educational institutions are priority issues, 
it is inevitable that the cost-effectiveness of new tech- 
nologies should be questioned. This subject is ad- 
dressed in the next chapter. 
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Chapter 4 

Cost-Effectiveness: Dollars and Sense 



INTRODUCTION AND FINDINGS 



How much do new instructional techrologies cost? 
Are they vvorth the investment? These are not aca- 
demic questions, but have important practical con- 
sequences. "Buy more hardware" sounds appealing, 
especially to advocates of computer-based instruc- 
tion, until someone points out that the additional 
equipment is likely to come at the expense of other 
material or programs. Difficult questions inevita- 
bly follow: Will the new learning tools be more ef- 
fective than books? Could reductions in class size 
bring about similar achievement gains at ^ower cost? 
Should a school district invest in an integrated learn- 
ing system (ILS) or in another torm of compu* - 
based instruction? Will computer-based materials 
bring about savings on traditional instructional ma- 
terials? 

These questions are not easily answered, in part 
because of obstacles to definition and measurement 
of the costs or various technological alternatives. 
Most experts acknowledge that simply installing 
computers in classrooms will not be effective with- 
out good software, well-trained teachers, reliable sys- 
tems maintenance, and planning how the technol- 
ogy will be used. Assessing the costs, therefore, 
involves considerably more than the price and 
quantity of equipment. In many school districts, 
detailed administrative data are not available, and 
important economic considerations such as depre^ 
ciation of capital equipment and the opportunity 
costs of new technologies are neglected. 

The fundamental problem, however, lies on the 
effects side of the equation. Short-term and long- 
term effects of employing educational technologies 
are different and not necessarily consistent. For in- 
stance, evidence that computer-assisted instruction 
(CAI) can be a cost-effective method to raise achieve- 
ment test scores in the short run is an important 
finding. For many educators, however, the appeal 
of the computer is based on the hope that it will 
eventually liberate them and their students from rote 
drill, and push the traditional frontiers of human 



learning.' In addition, the cost-effectiveness of a 
given educational technology can vary significantly 
with the specific characteristics of schools and stu- 
dents. A successful program in one location may 
be less successful elsewhere. 

Without evidence of short-run gains, teachers, ad- 
ministrators, parents, and students might lose faith 
in the grander vision, making it difficult to garner 
the necessary political and financial resources to sup- 
port continued research and development of the 
newest learning tools. But if short-run effects and 
cost-effectiveness are overemphasized, researchers 
and practitioners may lose sight of the longer-term 
potential, and future historians will lament the 
missed opportunities for changing the way children 
learn. 

This chapter begins with an estimate of the costs 
of several approaches to using computers in class- 
room instruction. OTA finds that the current na- 
tional average of 1 computer per 30 public school 
children represents an insignificant fraction of to- 
tal annual educational expenditures. However, 
substantial expansion could require a commit- 
ment of nearly one-third the current annual out- 
lay on nonpersonnel instructional resources. (Be- 
cause OTA has found no evidence that computers 
and related technologies have displaced teachers, it 
is important to assume that salaries and benefits will 
remain at the current percentage of the total; if any- 
thing, salaries may rise.) 

The chapter then addresses the problem of link- 
ing costs to anticipated effects. OTA finds that cost- 
effectiveness comparisons of alternative policies, 
which show expected gains per dollar of expend- 



'Otliers, however, are fearful that the technologies will dictate in- 
appropriate teaching method?: *if vou begin with a device of any kind, 
you ^vill try to develop the teaching program to fit that device." T. 
Gilbert, "On the Relevance of Laboratory Investigation of Learning 
to Self-Instructional Programming " Teaching Machines and PtO' 
grammed Learning: A Source Book, A. A. Lumsdaine and R. Glaser 
iedsO (Washington, DC. National Education Association, 1960). 
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iture, can be a useful decisionmaking criterion. 
For example, based on a review of several cost-effec- 
tiveness studies, OTA finds that: 

• CAI can be more cost-effective than certain 
other nontechnological methods of achieving 
similar educational objectives, among particu- 
lar groups of students; 

• some forms of CAI are more cost-effective than 
others; 

• the cost-effectiveness of learning technologies 
is very sensitive to particular characteristics of 
schools and classrooms where they are imple- 
mented; 



• there ib much research that addresses costs or 
effectb of computer-based instruction separately, 
but there is a need for more work that consid- 
ers these issues together] 

• with better data and access to appropriate ana- 
lytical tools, cost'cffectiveness could become a 
more widely used and informative decisionmal • 
ing criterion; and 

• the Federal Government could provide assis- 
tance in data collection and research design for 
cost'cffectiveness analysis and dissemination of 
results. 



ESTIMATING THE COSTS OF ALTERNATIVE 
INSTRUCTIONAL TECHNOLOGIES 



An Illustrative Case 

As described in chapter 6, a networked ILS pro- 
vides instruction in large portions of the curricu- 
lum and computerized student monitoring, testing, 
and reporting. These t /stems are typically sold as 
hardware-software bundles, in some cases with dedi- 
cated computers but more often with standard com- 
puters for student work stations. Some ILS manu- 
facturers offer their software for the Apple, IBM, 
and Tandy computers, while others develop mate- 
rials solely for one brand. 

The IL.S market is competitive, with at least a 
dozen manufacturers offering systems that vary in 
scope, breadfh, and cost. Some ILSs consist of soft- 
ware that is .,rictly drill-and-practice, while others 
are instructional delivery systems that teach new ma- 
terial, including simulations and tools, and allow 
children to advance through curricula at their own 
pace. Because system requirements can vary widely 
by curriculum as well as by the number of children 
(or classrooms) served, the average cost of installed 
integrated systems nationwide is not a particularly 
informative statistic. It may be more useful to illus- 
trate the costs involved by examining a specific case. 

The instructional delivery system recently chosen 
by Prince George's County (Maryland) will provide 
CAI in mathematics, reading, and language arts to 
second and third graders in 68 elementary schools. 
Assuming an average class size of about 26, the sys- 




Phoio credii: Michael Feuer, OTA siaii 



At the Martin Luther King, Jr. School in Washington, 
DC, an integrated learning system provides individualized 
student pacing, monitoring, and testing across large 
portions of the school curriculum. Each student can 
be at work on a different tODic and skill level, as reports 
produced for the teacher highlight areas needing 
further classroom instruction. 

tem will be utilized by about 9,000 children in 349 
classes.^ Each classroom will have four IBM PC/2 
Model 25 computers, equipped with 640K RAM 
vkilobytes of random access memory), two 800K 3 
i/2" floppy disc drives, a mouse, speech adapter, 
and earphone/ microphone. Each classroom will also 

^Thc avcr.igc Jass size reported m countv data i5> 25.7. See Prince 
George's County Public Schools, Office of Pupil Accounting and School 
Boundaries, "Cb«; Size Report, 1987-1988 School Year," unpublished 
manuscript, 1987. 
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have one IBM Proprinter. The classroom computers 
will be connected via local area network in each 
school to an IBM PS/2 Model 60 host computer, 
with approximately 2 megabytes RAM and a 40 
megabyte hard disc, as well as a Sony CD-ROM 
(compact disc-read only memory) player. The hard 
disc will hold the school's student records and test 
results, and the instructional software will be housed 
on the optical storage device. 

The instructional software for this system, 
produced by Education Sy<'«'ems Corp. (ESC), con- 
sists of about 2,000 programs, each with approxi- 
mately 250-300K of memory,- with full color and 
graphics. Each of these programs delivers about 15 
minutes of instruction, depending on students' abil- 
ities. In a typical half-hour session, most children 
cor^plete two lessons, though nor necessarily on the 
same topic. The management system monitor? in- 
dividual student progress and prepares reports for 
teachers and staff. 

The purchase price for the whole system, to be 
operational in the fall of 1988, is $5.1 million,^ and 
will be paid off over 5 years. (As is commonly the 
case, the county will enter a leasing arrangement 
with a third party lender.) This total cost breaks 
down roughly to $2 million in software and $3 mil- 
lion in hardware, including the first year of hard- 
ware and software maintenance as well as the first 
year of training. For the second through fifth years, 
there are additional charges: the county will con- 
tract with a local vendor for hardwate maintenance, 
and will pay ESC about $220,000 per yerr for soft- 
ware upgrades, new materials, and ongoing teacher 
training. Not counting ether indirect costs, such as 
Fy and benefits of personnel and teacher time 
avvw, from the classroom during training, and not 
counting the annual hardware maintenance contract, 
the true annual cost to the county will be approxi- 
mately $1.5 million."* Adding the costs of rewiring 
the classrooms, electrical service modifi ations, and 
building and facilities depreciation, the annual cost 
climbs to at least $1.8 million. This translates to over 
$26,000 per school. 



^Competing bids rargcd from $4 million to $9 million. 

*This figure is derived using an annunlization factor that aJ^sumes 
a 10 percent interest rate- Sec Hc»iry Lcvm, Cubt EffcLtivcncbi, A Pnmcr 
(Beverly Hills, CA; Sage Publications, 1983), p. 70. 



This is a small portion (0.4 percent) of the $430.7 
million total projected fiscal year 1988 Prince George s 
County public school budget. However, this com- 
puter system affects only 68 of the 108 elementary 
schools (in a system of 173 schools), and it is going 
into second and third grade classes only. If the same 
type of system were installed in grades 2 and 3 in 
all 108 elementary schools, then by simple extrap- 
olation it would cost about $2.9 million per year 
(about $26,000 per school), which would represent 
1.4 percent of the total annual expenditures on 
elementary schools, or 0.7 percent of the total 1988 
budget. Extrapolating further, it would cost about 
$10 million annually for a system that reached all 
the elementary school children in grades K'6 (close 
to $95,000 per school), or 4.8 percent of the elemen- 
tary school budget and 2.4 percent of the total 
school district budget.^ These estimates are dis* 
played in table 4-1. 

Even the most expensive scenario depicted in ta* 
ble 4-1 appears to take a relatively small fraction of 
the total county budget. But 63 percent of that to- 
tal budget is accounted for by salaries and fringe ben* 
efirs of instructional staff. The estimated annual cost 
of $1.8 million to install the ESC/IBM system (in 
grades 2 and 3 in 68 schools) represents close to 1 1 
percent of the approved budget for instructional ma- 
terials, exclusive of instructional salaries. (See fig' 
ure 4-1.) 

The Cost to the Nation: Two Scenarios 

Many educational technologists would prefer to 
see schools with both ILS laboratories and class- 
rooms equipped with free-sianding computers. For 
illustration, then, OTA has estimated the costs of 
an ILS laboratory plus five stand-alone computers 
per class in a school with 20 classrooms. In this sce- 
nario, the classroom ratio would improve from the 
current national average of about 1 computer for 
30 children to 1 computer for 6 children; raising the 
inventory in this fashion could substantially improve 
the access to computer learning tools. 

'i ^* cost out this scenario, assume that the ILS lab' 
oratory consists of 30 student work stations, each 
equipped with a computer of the speed and capac- 



^btimatcb tire babcd on «i bunplt linear cxtrapolatiun and do not 
netessanly reflect additional potential volume discounts. 
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Table 4-1.— Costs of an Integrated Learning System* for Elementary Schools In 
Prince George's County, Maryland 





Number of 
schools 


Uiauc levels 

(number j)f pupils^) 


CblliTldlUr 

annual cOoC 
(millions) 


Porppnt nf plamant^nf 
rcTuCiU Ui tjlCiTlcniary 

school budget 
(S214.7 million)^ 


Percent of 

UIOll UuUUvl 

($430 7 million) 


Percent of 
(S16.6 million) 


Approved plan, effective fall 


68 


2-3 


S 1.8 


0.84 


0.42 


10.8 






(8.970) 








OTA extrapolations (estimated date) . . 


. 68 


K-6 


4.0 


1.86 


0.93 


24.1 






(33.370) 










108 


2-3 


2.9 


1,35 


0.67 


17.5 






(15.140) 










108 


K-6 


10.2 


4.75 


2.37 


61.4 






(53,000) 










^Education Systerm Corp. software and IBM hardware. See text for specifications. 
"Approximate. 

^ExclL-rting teacher salaries and benefits. 



SOURCE Board of Education of Prince George's County. Maryland. "Annual Operating Budget, July 1. 1987 to June 30, 1988, and Board of Education of Pnnce George s 
Counly. Maiyland, "Board Action Summary: Introduction of Computer Assisted Instruction. Grades Two and Three," Jan. 28, 1988. 




Photo credit: Massachusetts Institute of Technology 



This technology-rich environment at the Hennigan School in Boston is supported by industry, local school funds, and 
university research grants. What would It cost to set up learning environments like this around the country? 



ity of the Apple K-GS or IBM PS/2 Modv "^.5, plus 
networking and speech hardware. The cost of each 
work station is approximately $1,500. In addition, 
the laboratory would have a central file server (a 
computer with the speed and capacity of the IBM- 
AT), CD'ROM, and printer, at an estimated cost 
of $5,000. Integrated software such as the type in- 
stalled in the Prince George's County elementary 
schools would cost about $60,000, bringing the to- 
tal cost of the labor'^.tory to about $110,000. 



The five free-standing computers installed in each 
of the 20 classrooms would cost approximately 
$100,000, and software at $5 per pupil would cost 
about $3,000. The total cost to the school for this 
wombined laboratory and free-standing classroom 
computer installation, excluding physical renova- 
tions, electric wiring, annual maintenance, and 
training charges, would approach $215,000. For a 
large school district like Chicago, with about 600 
schools, the total cost would be at least $130 mil- 
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Figure 4*1 .—District Education Budget and Costs of implementing a Computer-Based Integrated Learning 

System (ILS) in Prince George's County, MD 



Adninistration 
($2G.1m»on) 



Instructional salaries 
and benefits 
{$257.4 millon) 




Total dfetrict budget 
$430.7 mlSoo. 



Costs of computers for grades 
2 and 3 in 68 elenientary schools 

10.8% ^ ^ 
Computers 
and support 

($1 .8nn«ion) 




Instructional materials 
($16.6 m«on) 



Costs of computers for grades 5 
2 and 3 in 108 (ALL) eienientary echoois 

17^% cocr^xiters 
and support 
($2.9mirion) 




Instructional nuiterials 
($16.6 mlon) 



^Includes pupil personnel services and health services. • 
^OTA estimates based on extrapolctlons of costs In 68 schools. 

SOURCE. Olfice of Technology Assessment based on the Board of Education of Piince Geurge sCwunty.MD, Annual Opctattng Budget. July 1, 1987 .o June 30, 1988. 



lion, or roughly $30 million per year (assuming 
6'year time horizon and 10 percent interest rate). 
For a small district with only five schools, the an- 
nual cost would be approximately $250,000. (Note 
that thei.e estimates do not account for th;. current 
installed base of computers.) 



Tinally, OTA has explored the cost implications 
of a rapid and even more dramatic expansion. To 
bimplify this illustration, assume a current installed 
base of 1.3 million computers. Increasing this inven' 
tory by 12 million computers would change the com* 
puter: student ratio from 1;30 to 1:3, an aspiration 
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often cited by school district personnel and educa* 
tional technologists. (These estimates are presented 
solely for illustrative purposes, and do not neces- 
sarily reflect OTA's belief in the feasibility or desira- 
bility of implementing a program of this magnitude.) 

As shown in table 4-2, to purchase 12 million ad- 
ditional computers plus an adequate number of 
printers would cose nearly $14 billion.^ The annu- 
alized cost of hardware, assuming a 6'ycar lifetime 
and an interest rate of 10 percent, would amount 
to $3. 17 billion. Software, maintenance, equipment 
upgrades, and teacher training are all critical addi- 
tional expenses, estimated at roughly $990 million 
per year, bringing the total annual cost to over $4 
billion.' 

This figure is but a tiny fraction of the gross na- 
tional product (over $4 trillion), and a seemingly in- 
significant 3 percent of total U.S. expenditures on 
P'^blic elementary and secondary schools. However, 



The current New York State contract priLC is $1,017 for the IBM 
P$/2 model 25; printers are in the range of $350 to $479. Note that 
seme experts would find the $1,000 estimate lows considering the added 
costs of a second disc drive, mouse, and networking. Some educators, 
however, question the utility of these added features. Assistanee in gen- 
erating these estimates was provided by Jim Brewington, Education 
Systems Cc.-p.; Irwm Kaufman, New York City Board of Education; 
and LeRoy Hnkel, San Mateo County OfFiLe of Education. 

it might be' more realistic to calculate the costs for a gradual 
phasing'in of these machines, e.g., over 5 or 10 years. Clearly this strat- 
egy would be less costly on an annual basis, and would appear more 
feasible from an implementation standpoint Ho.vever, it is important 
to note that the benefits would have to be dij>< ounted accordingly. 



Table 4-2.— Approximate Cost of Major Expansion 

of Installed Base of Free-Standing Computers 
in U.S. Public Elementary and Secondary Schools 



Cost 
(in millions) 



Hardware^ 

1? million computers @ Si, 000 each $12,000 

5 million printers @ S400 each 2,000 

Total Si4,O00" 

Annualized cost, assuming 6-year equipment life 
and 10% interest rate $3,200 

Other annual costs 

Software @ $5/student. $200 

Maintenance and upgrades cost 700 

Teacher training^ lOO 

Total (non-capital annua:* $1,000 $1,000 

Total estimated annual cost. $4,200 



^Ooes not include other peripherals, mass storage de/ices, or networking. 
"Assumtn? 50 percent of all teachers trained annually. 

SOURCE: OiUz^ of Technology ASf essment, 1988. 



of the $137 billion currently spent on public edu- 
cation, about $85 billion is buJ^etcd for instruction, 
of which instructional salaries and benefits account 
for at least 85 percent. OTA has no evidence that 
computer technologies have displaced teacher^j it 
is important to consider the budget implications of 
the new learning tools holding personnel costs con* 
stant. As shown in figure 4-2, the $4.2 billion an- 
nual cost for this massive infusion of new equipment 
would represent more than 30 percent of the amount 
currently spent rationwide on instructional materials. 



COST-EFFECTIIENESS^ 



Political and Methodological 
Considerations 

There are always j^Ienty of proposals for improving, 
educadon. Recommendations for raising teachers' 
salaries reducing class size, changing the curricu- 
lum, instituting peer tutoring, lengthening the 
school day, and promoting the use of new learning 
technologies all have merit. But most school systems 
cannot afford everything jt once. Edu.at on is pri- 



^hc remainder of thi- chapter draws heavily on David Stern and 
Guy Cox, "Assessing Co5t Effectiveness of Computer- Based Technol- 
ogy in Public Elementary and SetonJary Schools/ OTA contractor 
report, Jan. 8, 1987. 



marily l local function that competes with other 
projects for a share of the public budget, and school 
officials are often pressured to demonstrate that the 
dollars allocated to education are wi<;ely spent. 

It is tempting to look at estimates of the costs of 
computer-based instruction as a fraction of the gross 
national product or of total education expenditures, 
and conclude that it would represent a relatively 
small public commitment. But as mentioned in the 
introduction to this chapter, even small sums are 
scrutinized by public officials who m» ',t weigh the 
antic'pated benefits of many competing programs. 
More important, if one considers these costs as a 
proportion of instructional materials expenditures. 
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Figure 4-2.— Increasing Computer Inventories in U.S. Public Schools: 
Projected Impact on Total Annual Instructional Materials Expenditures 



Total Current Expendtures 
Bomontary and Secondary Schools, 1986-87 
($137 bi»on) 



Support services 
|$48.1 bion) 



hk)n-4istrucl 
($4.9b»on) 



Instructional salaries 
and benefits 
($71 biion) 




Expansion of comrxjteri 
Inventory ; 
($4.2 billion) \ 



Instructional materials 
($13b«on) 



32.3% 




Expansion of coniputer; 
inventcry ; 
($4.2 billion) \ 



SOURCE. Olltce of Technology Assessment based on U.S. Department of Education. Digest of Educa 
tion Statistics, J957 (Washington, DC: May 1987); and U.S. Department of Education. Public 
Elementary and Secondary School Revenues and Current Expenditures for Fiscal Year 1986 
(Washington. DC: March 1988). 



exclusive of personnel and administration, it be- 
come-- clear why policymakers and legislators must 
view the new technologies in terms of implicit 
tradeoffs with other learning strategies. Installing in- 
tegrated systems or stand-alone computers that pro- 
duce no appreciable gains in achievement, or that 
cost much more than other options that would pro- 
duce similar gains, can undermine the credibility of 
the decisionmakers as well as the chances for fur- 



ther investment in new technologies as they become 
available. 

There are several barriers to the implementation 
and interpretation of cost-effectiveness analysis of 
.educational technology. Most school districts do 
not have the resources to devote to the collection 
of complete cost data, or to the controlled meas' 
urement of educational effects. These are costly 
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undertakings. Where such studies have been done, 
the choice of outcome and cost measures has been 
governed larg^^ly by the availability of data, rather 
than by well'Qw.4ned and testable hypotheses. Differ- 
ences in results across schools and school districts, 
therefore, are not easily interpreted. In addition, 
when cost-effectiveness is measured correctly, it is 
only with respect to specific outcomes; there is a ten- 
denc^', however, to interpret results more globally, 
and to reach conclusions about all computer learn- 
ing technologies or about a specific one in all 
schools. As with much educational research, even 
when outcomes are clearly defined and when com- 
mensurable data are employed, findings from one 
school or group of schools are not necessarily ro- 
bust, because of important idiosyncrasies of class- 
rooms that cannot be captured by available quan- 
titative data.^ 

Basic Principles of Cost-Effectiveness 
Analysis^° 

A rationale for using cost-effectiveness analysis is 
that it allows decisionmakers to select those activi- 
ties that provide the best educational results for any 
given costs, or that provide any given level of educa- 
tional results for the least cost. As mentioned earlier, 
costs and effects are usually treated independently. 
Cost-effectiveness analysis, on the other hand, takes 
into account both aspects in evaluating alternative 
approaches to obtaining similar goals. It is assumed 
that 1) only programs with similar or identical goals 
can be compared, and 2) a common measure of ef- 
fectiveness can be used to assess them. 

Estimation of Costs.— Cost analysis cannot place 
primary reliance on budget documents for several 
reasons: 

• budgets do not always include all relevant cost 
information; 

• budge?:s do not necessarily account for resources 
that have already been paid for; 

• standard budget practices may distort the true 
costs of resources; 

• costs of interventions are often embedded in 



''Sec Richard Murnanc and RiLhard Nelson, Troduaion and Inno- 
vation When Techniques are Tatit. The Case of Education, "/^"'*"**^ 
of Economic Behavior and Organnatton, vol. 5, 1984, pp. I5307j. 

'^his section is drawn from Levin, op. cit., footnote 4. 



budgets that cover much larger units of opera- 
tion; and 

• most budgets represent plans for how resources 
will be allocated rather than a classification of 
expenditures after they have taken place. 

For these reasons, the "ingredients method" is rec- 
ommended. This involves the identification and 
specification of all the relevant inputs and which 
requires complete familiarity with the intervention 
being evaluated. A typical breakdown of ingredients 
would begin with personnel, facilities, equipment 
and materials, and client inputs; further refinements 
would follow. This rigorous method of analysis is 
time-consuming and costly. 

Effectiveness Measures.— Cost-effectiveness ana- 
lysts must determine the program objective and an 
appropriate measure of effectiveness, as suggested 
in table 4-3. Given the cost information for each 
alternative, the cost and effectiveness data can be 
combined into cost-effectiveness ratios that show the 
amount of effectiveness that can be obtained for an 
estimated cost. 

Computer-Assisted Instruction: 
A Survey of Cost-Effectiveness Research 

Economists have attempted to measure the effec- 
tiveness of alt'^rnative instructional strategies per 
dollar of cost. An early study dealt with CAI as a 
method of compensatory education for disadvan- 
taged children.^' The study found that CAI pro- 
duced statistically significant gains in achievement, 
and the per-pupil cost of CAI was found to be well 
within the per-pupil budget available for compen- 
satory education. The authors concluded that CAI 
was both feasible and cost effective. 

A more recent study combined correlational, ex- 
perimental, and quasi-experimental findings in or- 
der to compare the cost-effectiveness of four different 
educational policies: reducing class size, lengthen- 
ing the school day, introducing CAI, and institut- 
ing cross-age tutoring. The results show that CAI 



''Dean Jamison et al., "Cost and Performance of Computer'Assisted 
Instruction for Education of Disadvantaged Children," Education as 
an Industry,). Froomkin et al. (eds.) (Cambridge, MA: Ballinger, 1976). 

' Henry Levin et al., "Cost Effectiveness of Four Educational Inter^ 
ventions," IFG Report No. S4'A1 1, Stanford University, 1984. See also 
Henry Levin and Gail Meister. "Is CAI Cost- Effective?" Pht Delta Kap- 
pan, vol 67, No. 10, 1986. 
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Table 4-3.— Examples of Effectiveness Measures Used in Cost-Effectiveness Analysis 



Program objective 



Measure of effectiveness 



Program completions 
Reducing dropouts 
Employment of gic'^uates 
Student learning 
Student satisfaction 
Physical performance 
College placement 
Advance college placement 



Number of students completing program 
Number of potential dropouts who graduate 
Number of grade les placed in appropriate jobs 

Test scores in appropriate domains utilizing appropriate test instruments 
Student assessment of program on appropriate instrument to measure satisfaction 
Evaluation of student physical condition and physical skills 
Number of students placed in colleges of particular types 

Number of courses and units received by students in advance placement, by subject 



SOURCE: Henry Levin, Cos/ Effecflveness: A Pr/mer (Beverly Hills, CA: Sage Publications, 1983), p. 115, 



was cost-effective at the elementary level compared 
to increasing instructional time, but that reducing 
class size appeared to be more cost-effective than 
CAI in mathematics. Peer tutoring was the most 
cost-effective of the four interventions, in both math- 
ematics and reading (see table 4-4).^' 

In an important extension to this work, cost ef- 
fectiveness was applied to the choice among alter- 
native approaches to CAI." This study found that 
even ILSs, which arc self-contained, highly struc- 
tured, and ostensibly "teacher-proof," yield signifi- 
cantly different ei/ects in different places. The costs 
of implementation as well as learning effects varied 



"Sec also R. Nicmicc ct al., "CAI Can be Double Effcc'.ive," Phi 
Delta Kapparit vol. 67, No. 10, 1986, and the rejoinder by Hcnt Levin 
ct al., Phi Delta Kappao vol. 68, No. 1, 1986. 

'^Hcnry Levin ct al», Stanford Univcrsitv, Center for Educational 
Research at Stanford, "Cost Effectiveness of Alternative Approaches 
to Computer-Assisted Instruction," monograph, November 1986. 



Table 4*4.-^ Cost-Effective oS of Four Lducational 
Interventions 

Effects^ 

Intervention Mathematics Reading 

Computer'assisted instruction 1.0 1.9 

Cross-age tutoring 

Peer component 4.6 2.2 

Adult component 0.8 0.5 

Increasing instructional time 0.5 1.2 

Reducing class size 
From To 

35 30 1.4 0.7 

30 25 1.2 0.6 

25 20 1.0 0.5 

35 20 1.1 0.6 

^In months of additional achievement gain per year of instruction, for each SlOO 
per student. For example: computer-asslsted instruction (CAI) yielded an aver* 
age of 1,9 months of achievement gain, while peer tutoring produced 2.2 months 
of additional a'^hievement gain, per $100 of Instructional cost per student This 
diffe'^ince Is slight, and is explained by the substantially higher costs associated 
with cross^age tutoring than with CAI. 

SOURCE: Henry Levin and Gall Melster, "is CAI Cost'Effective?" ^J/ Delta Kap- 
pan. vol. 67, No. 10, 1986, p. 748. 



widely among the schools investigated. In addition, 
the study showed that cost-effectiveness is in part 
a function of the level of utilization of a given 
computer-based instructional system. It is often the 
case that the actual level of utilization is below full 
capacity, which can be explained in part because 
educators know that CAI is effective only for some 
students in the school. Cost-effectiveness is im- 
proved when computers are used to full capacity, 
even though this can entail additional personnel 
costs to accommodate a full day program. This line 
of research is important because it shifts the dis- 
cussion from whether or not to use computers to 
the more relevant question: hov^^ to assign and im- 
plement the appropriate interactive technology to 
particular school circumstances. 

Other researchers have done cost-effectiveness 
studies of industrial and military training using com- 
puters. Training and education differ fundamentally 
with respect to the degree of specificity of skills that 
are taught and with respect to the average age of 
students. In addition, in the military (as well as in 
many industrial environments), the main efficiency 
problem is how to act omplish training objectives 
in less t/me, which is not the central concern in 
elementary and secondary schools. Nonetheless, in- 
sights can be gained from studies of training. 

An expert on the cost-effectiveness of CAI in the 
military suggests that training and education may 
be different sides of the same cost-effectiveness coin: 

Trainers arc most likely to be interested in mini- 
mizing costs to achieve definable thresholds of per- 
formance (and) arc interested in how. much it costs 



' AcLurJing tu 1985 burvcy data LumpilcJ by Henry Becker, TLc 
Johns Hopkins University, Center for Social Organization of Schools, 
the average percentage of unutilized computer terminals ranged from 
2.3 in high schools to 4.5 in elementary schools. There was consider' 
abie variance by geographic region and size of community. 
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to achieve a unit of effectiveness oi, in the ratio 
of cost to effectiveness; educators . . . usually work 
with fixed costs to maximize performance and are 
likely to be interested in how much effectiveness 
they get for a unit of cost, i.e., th- ratio of effective- 
ness to cost.'^ 

From research conducted at the Institute for De- 
fense Analyses on the relative cost-effectiveness of 
computer-based v. traditional training, preliminary 
results show that: 

• CAI costs about one-third less per unit of ef- 
fectiveness than conventional instruction; 

• computer-managed instruction (CMI) costs 
about one-quarter less per unit of effectiveness 
than conventional instruction; 

• CAI costs about 10 percent less tnan CMI per 
unit of effectiveness; 

• computer-based instructi.-^n, or CAI and CMI 
combined, costs about 30 percent less than con- 
ventional instruction per unit of effectiveness.'' 

These results do not necessarily apply to elemen- 
tary and secondary institutions, but they do dem- 
onstrate the value of explicitly accounting for the 
costs of various modes of instruction. 

Other researchers have made notable efforts to 
experiment with cost data and with models of cost- 
effectiveness in tlie world of elementary and second- 
ary education. For example, a study of mathematics 
achievement, matheniatics attitude, and computer 
literacy at the Westberry gjementary School in 
Saskatchewan, Canada, found that: 

• students who were exposed to computer-assisted 
mathematics in:truction improved significantly 
more in .nathematics than di.i students who 
were exposed to traditional mathematics in- 
struction; 

• students who were exposed to computer-assisted 
mathematics instruction improved significantly 
more in computer literacy than did students 



'^Dexter Fletcher, Institute for Defence AnalybCb, per&onnl i.or' 
respondence, Oct. 4, 1986. 

'^bec Dexter Fletcher and Jesse Orlansky, "Cost Effectiveness of CBI 
in Defense Training," paper presented at the American Educational 
Research Association, 1986; and Jesse Orlansky, 'The Cost-Effectiveness 
of Military Training," paper prepared for the Proceedings oftho Sym- 
posium on the Military Value of Cost Effectiveness of Trainings 
DS/A/DR (85), 167 (Brussels: NATO Headquarters, Defense Research 
Group on the Defense Applications of Operational Research. January 
1985). 



who were exposed to traditional mathematics 
instruction; 

• students* attitudes toward mathematics were 
not significantly affected by computer-assisted 
instruction; and 

• computer-assisted mathematics instruction was 
more cost-effective than traditional mathematics 
instruction for producing gains in mathematics 
achievement.'^ 

As the authors emphasize in their conclusions: 
"This study is not intended to be the final word on 
the costs, effects, and utility of microcomputer- 
assisted instruction."'^ It is an example of the use- 
fulness of the methodological approach and contrib- 
utes constructively to the policy debate over efficient 
w£. 7s to improve mathematics achievement. 

St.'te governments, which now pay the largest 
share of public school costs, have to balance claims 
for cducatim against claims for highways, public 
welfare, health and hospitals, and natural resources. 
It is essential that they raise the question of costs 
when deliberating over continued funding for com- 
puters and other resources. The exemplary efforts 
of one State are described in box 4-A. 

Cost-Effectiveness AnalysJs 
in Practice^o 

Westberry Elementary School, in Saskatchewan, 
Canada, serves 422 students (K-7) with a professional 
faculty of 20. About 73 percent of the students live 
in the town of Kindc.sley, with a population of just 
over 5/ The remaining 2? percent live on farms 
in the w *al area surrounding Kindersley. The school 
is ideally suited for conxparing the effect of two treat- 
ments on a group of students, because there are at 
least two classrooms of students at each grade level. 
Prior to the 1984 1985 academic year, Kindersley 
schools had implemented computer literacy pro- 
grams for junior high school students and computer 
science programs for high school students. However, 
no computers were being used in elementary school. 



p. Hawley et al., University of Oregon, Center for Advanced 
Technology in Education, "Costs, Effects and Utility of Microcomputer- 
Assisted Instruction," Teclmical Report, 1986. See the section in this 
chapter on "Cost-Effectiveness Analysis in Practice" for a discussion 
of how this study was designed and carried out. 
'%id., p. 33. 

^'This section summarizes Hawley et al., op. cit., footnote |8. 
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Box 4'A.— Arkansas Project IMPAC 

In Arkansas, policymakers are concerned about improving instruction and encouraging educational account- 
ability. To this end, Arkansas established basic skills requirements and implemented a statewide testing pro- 
gram to measure student achievement. Recognizing the potential of educational technology, but faced with limited 
resources, the Arkansas legislature established the Commission on Kiicrocomputer Instruction in 1983, to de- 
termine cost-effective ways of using new technologies to improve the teething of basic skills in the State*s elementary 
schools. The Commission included educators. State legislators, and members of the business community. It 
established the Instructional Microcomputer Project for Arkansas Classrooms (IMPAC) and IMPAC Learning 
Systems Inc., a nonprofit company that uses State and private resources to purchase computers, develop soft- 
u^are, and provide maintenance and support to project schools. First implemented in 22 schools, IMPAC has 
expanded to 136 schools, 1,000 teachers, and 30,000 students. The budget for IMPAC increased from $2,5 mil- 
lion for the first 2 years to $4.1 million for 1987-88. 

Since 1983, IMPAC has tested and refined approaches that combine regular classroom instruction with 
computer-managed and computer-assisted instruction (CMI and CAI) to teach basic skills. Four different kinds 
of programs have been developed, implemented, and evaluated: CMI/CAI networked to the classroom; CAI; 
CMI/CAI computer laboratories; and computer assisted instructional management (C-AIM), a testing and CAI 
program for improving the management of mathematics instruction. In all IMPAC classrooms, software is closely 
linked to the Arkansas Basic Educational Skills List, and student learning outcomes are measured by scores 
on the Staters basic skills tests. 

In IMPAC classrooms, the teacher employs traditional methods of instruction 80 percent of the time and 
computer-based instruction 20 percent of the time. Students use the computers for 15 to 20 minutes a day in 
either networked classrooms or computer laboratories to work on mathematics, reading, or language arts skills. 
Teachers determine which basic skill objectives will be taught with CAI and how the software will supplement 
and enrich the reg^^^ar instructional program. Students in IMPAC classrooms show a higher average achieve- 
ment gain on the State basic skills tests than do students in regular classrooms. IMPAC CAI and C-AIM math- 
ematics programs have been the most successful. According to IMPAC administrators: 

When CAI or CMI/CAI is implemented in this methodical and skill-oricntcd manner, significant improvement 
in learning can be effected. Students can be motivated to achieve, and teachers can learn to be more efficient and 
effective in the management of instruction.* 

IMPAC staff monitor costs to determine the most efficient and cost-effective ways to use computers in Ar- 
kansas schools. To reduce program costs, IMPAC supervises the purchase, installation, and repair of all hard- 
ware, the selection and purchase of all software, inservice training, demonstrations, and evaluation of projects 
in participating schools. Says Cecil McDermott, Director of IMPAC: 

We have found, for example, that by monitoring costs we can ^;ffcct changes that result m a businesslike approach 
to improving programs. We have been able to cast out certain microcomputer systems and cast out certain software 
as a result of this process, and wcVc been able to manage growth.^ 

With volume discounts for haidware, a statewide license agreement for software, responsibility for hardware 
mstallation and repair, IMPAC reduced program maintenance costs b> 40 percent, in 1986-87, the project main- 
tained 2,600 computer systems in IMPAC schools at a savings of $80,000 to the State. 

The typic I IMPAC project costs 45 percent of what other States are paying for similar programs. "An 
IMPAC lab n be designed, work stations built, rooms wired under strict electrical specification, hardware 
ordered and urop-shipped, hardware installed, and in-service training completed for teachers and aides within 
three months."' IMPAC has figured program costs to be $104 per student per year over a 5-year period, a cost 
thacis lower than comparable packages available from commercial ven* jrs. According to IMPAC analyses, 
the program is more cost-effective than reducing class size or increasing regular instructional tiiiiC, but less cost- 
effective than tutoring provided by paid adults, especially those used in Chapter 1 programs. 

'C<xil Mt.DcrmoU and Betty Dcatun, "Model fur Supplcment.iry Cumijutcr BascJ Bai^iv. Skills laitruLtiun." 77jru3i ^AawtiaUuit uf Cdlifurnia Sthuul AJ 
ministrators), vol. 16, No. 5, February/March 1987, p. 15. 

"CcLJiI MLDcrmutt, Prujcet DircUur, Arkansas Cummisskun uit MiLrucumputcr Ini>truaiurt» Aikari^as Dcparuiit.ut uf CJuLauuti, personal cummuntui' 
tion. 1988. 

Arkansas Commission ov\ MiLro<.umputcr InstruLtiun, Let^t!>hti\c VpdittL on Bjin, Shlh Projvu LnJcr Au 523 {19SJ) vLittlc Ro^k, AR. Arkansas De- 
partment of Hducation, July 1987). 
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Beginning in October 1984, one computer was placed 
at the disposal of the elementary school staff. 

The study involved studen;s in grades and 5, 
and used a pretest-posttest control group design. All 
students were given a purest to measure mathe- 
matics achievement, attitude toward mathematics 
(interest in the subject and how much they like do- 
ing mathematics), and computer literacy. Then stu- 
dents in each of the two grade levels were randomly 
assigned to two groups: the control group at each 
grade level received traditional mathematics instruc- 
tion, while the experimental group at each grade 
level received computer assisted mathematics in- 
struction. Following these treatments each group 
was given a posttest to measure achievement, atti- 
tude, and computer literacy. 

The control group followed a standard schedule 
of traditional instruction, averaging 55 minutes per 
day. The third grade class used the Series M Math- 
ematics SI Edit-on textbook, along with other ma- 
terials such as flash cards, clocks, and oral mathe- 
matics drill games. The experimental group was 
taught by the same teacher, who had received 2 
hours of prior training on the computers. These stu- 
dents used the Milliken Math Sequences software, 
a program which has been widely used in schools 
throughout Canada and the United States. The fifth 
grade control group had 45 minutes per day of in- 
struction, using the Holt Mathematics System. The 
same teacher taught the coinputer-using group, in 
which each student received 10 minutes of mathe- 
matics drill on 3 out of every 4 days and 15 min- 
utes on the fourth day, using the Milliken Math Se- 
quences software. 

Costs.— An accounting of the costs of adjunct 
computer-assisted mathematics instruction os com- 
pared to traditional mathematics instruction in- 
cluded the following elements: 

• Personnel 

—teacher salary and benefits 
—program management 
—supervision costs 

• Facilities and renovation 
—classroom 
—furniture 

• Equipment and materials 
—textbooks 
—computer hardware 



—computer software 
• Other costs 
—training 
—energy 

The method for annualizing costs of ingredients, by 
incorporating depreciation and interest,^' led to 
the development of cost data shown in table 4-5. 

Effects Measurement.— The effects of computer- 
assisted instruction compared with traditional math- 
ematics instruction were assessed through six meas- 
ures: the Canadian Test of Basic Skills (CTBS) 
Mathematics Computation Subscale, the CTBS 
Math Concepts Subscale, the CTBS Math Problem 
Solving Subscale, the CTBS Total Mathematics, the 
Survey of School Attitudes Mathematics Subscale, 
and the Computer Literacy Test. The CTBS Total 
Mathematics results, which were used in the cost- 
effectiveness analysis, are shown in table 4-6. 

Results of Cost-Effectiveness Analysis.— The 

purpose of this study was to determine the cost per 
unit of achievement gain under each treatment. As 
mentioned earlier, this study found that students 
who were exposed to computer-assisted mathematics 
instruction improved significantly more than other 
students in several areas, and that this method of 
instruction was more cost-effective than traditional 
instruction. For example, as shown in table 4-7, both 
third and fifth graders who used CAI experienced 
almost twice the gain of their peers who had tradi- 
tional instruction; and while the cost per student 
was higher for CAI than for the traditional method, 
the cost per unit of effectiveness was significantly 
lower. 

^'L-^.vin, op. cit., footnote 4. 

Table 4-5.— Total Annual Costs Projected for 
Grades 3 and 5 Mathematics Instruction 
In Westberry Elementary School" 

Grade 3 Grade 5 

Measure Traditional CAI " Tradltiona! CAI 

Annual cost . , $31,379 $34,389 $48,094 $52,406 

Additional cost of CAI^ . . . $3,010 $4,312 
Percent difference 9.59 8.97 

^Projoctlcns assume four SSmlnute periods of mathematics Instruction provided 
to 20 stuocnis In each period for 197 school days. 

'^Increased ann jat costs projected for adjunct computor^asslsted mathematics 
Instruction. 

Abbreviation* OAl-computer-asslsted Instruction 
NOTE: Ai: costs are in 1985 Canadian dollar^;. 

SOURCE' a Hawley et a!., University of Oregon. Center for Advanced Technology 
'n Education. "Costf . Effects and Utility of Microcomputer-Assisted 
Instruction " '"ochnlca! Report, 1986. p. 21. 
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Table 4-6.^Total Mathematics Mean Scores for 
Grades 3 and 5: CAI and Traditional Instruction in 
Westberry Elementary School 

Grade 3 Grade 5 

Traditional CAI Traditional CAI 
(n=»?1) (n«20) (n=:'19) (n^'IQ) 

Pretest 

Mean raw scores 46.38 42.55 62.05 59.26 

Mean grade placements . 3.42' 3.29 5.53 5.32 

Poc*test 

Mean raw scores 52.90 56.40 71.68 76.11 

Mean grade placements 3 71 3 86 6 03 6 20 

Significance p<.05 p<.05 

Abbreviation: (;AI-comput?r'assisted instruction 

SOURCE: D. Hawley et al., UnWersUy of Oregon, Center for Advanced Technor 
ogy In Education, "Costs, Effects and Utility of Microcomputer- 
As^ilsted Instruction." Technical Report, 1986, p. 16. 



Table 4*7.*-Total Mathematics Grade Placement 
Gains, Costs Per Student, and Costs Per Month of 
Gain: Grades 3 and 5, Westberry Elementary School 



Grade 3 



Grade 5 



Measure 



Traditional CAi Traditional CAt 
(n = 21) (n=20) (n«19) (n = 19) 



Mean grade placement 

gain in months 2.86 

Cost per student $129.06 
Cost per month of grade 

placement gain per 

student $45.13 



5.70 
152.81 



26.81 



4.94 
179.15 



8.89 
200.28 



36.27 22.53 



NOTE: Costs are in 1985 Canadian dollars. 
Abbreviation. CAI«>computer'asslsted instruction 

SOURCE: D. Havy^ley et al.. University of Oregon, Center for Advanced Technol- 
ogy in Education, 'Xosts, Effects and Utility of Microcomputer- 
Assisted Instruction," Technical Report, 1986, p, 22. 



CONCLUSIONS AND POLICY DIRECTIONS 



One of thv. risks associated with fervent applica- 
tion of cost-effectiveness models is that progress 
toward realizing new purposes of education will be 
delayed. As one education researcher points out; 

Comparing programs using technology to tradi- 
tional curricula rarely yields useful information since 
new programs have goals attuned to technological 
change, efficiencies attributable to technology, re 
vised roles for students, and new responsibilities for 
teach :;rs. ... In general there arc so many differ- 
cnccs between the two approaches that comparison 
is silly. Often, material taught in technologically' 
based programs simply can*t be taught in another 
way, and therefore is cosi effective by any criteria. 
For example, flight simulators teach skills in deal- 
ing with emergencies that cannot be created in 
another way. In anothei example, the music micro 
world developed by Balzano's FIPSE project teaches 
music composition skills that could only be prac- 
ticed if students had full orchestras available to try 
out their fledgling ideas. . . . Comparing costs of 
traditional and technologically-based programs usu- 
ally fails because the goals and objectives of the pro* 
grams differ substantially.^^ 

At the same time, it would be unwise to ignore 
the value of CAI for doing what we currently want 
schools to do: help students master written and oral 
communication and mathematics, acquaint them 



"Marcia Linn, University uf California at Berkeley » Graduate 
School of Education, "Evaluating *1 cchnulogical Applkatiunb tu Higher 
Education: Seeking Promising Paths," monograph, July 1986. 



with important areas of human knowledge, and en- 
hance their ability and motivation to solve prob- 
lems. The exciting future potential of computer- 
based technology in education does not diminish 
the concern for careful use of resources to achieve 
current purposes. Cost-effectiveness comparisons of 
computer-based programs in education versus **tradi- 
.tional practice," versus "innovations" not based on 
technology (for example, students tutoring other stu- 
dents, or some form of "cooperative learning") are 
^ still appropriate. 

There is also the possibility tl;at computers will 
not fulfill their potential in education because they 
do not prove cost-effective for achieving traditional 
purposes.^^ Most schools now have a computer for 
every one or two teachers— just as they have had 
movie projectors, radios, and televisions or video- 
tape players in small numbers. But whether schools 
will ever acquire enough hardware and software to 
make computers a principal vehicle of instruction 
will depend in part on judgments of cost-effectiveness 
along the way. 

OTA recognizes the many barriers to conduct- 
ing credible cos»'-effectiveness studies. The Federal 



^^Henry Levin and Gail Meister, Stanford University, Center for 
EduLatiunal Research at Stanford, "EduLatiuiial Tcxhnulogy and Com 
putcrs, rrumiscb, Prumiscb, AUv.iys ^runubcb," prujcet repurt Ko. 85 
A13, November 1985. 
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Photo credit,' BUI Dtvie, Trinity Productions 

Cost-effectlveness analyses must also evaluate alternative methods of providing courses, as In this distance leaming 
course offered through the Northern Michigan PACE Project. 



Government can encourage the use of this decision- 
making tool in the following ways: 

® Provide technical assistance to the States and 
to local school districts who wish to evaluate 
cost-effectiveness of extant or proposed technol- 
ogies. Preparing guidelines for data collection 
and analysis would be a good first step. In addi- 
tion, the Federal Government could help estab- 
lish standards for measurement of costs and ef- 
fects, so that studies conducted in different 
school systems could be more readily compared. 

* Provide access to computer programs for cost- 
effectiveness analysis. In addition to helping 
States and districts conduct studies, this would 
have the benefit of creating a database of find- 
ings to be shared by inter ested parties. 

*' Conduct a demonstration cost-effectiveness 
study. By evaluating current programs, such as 



the use of computers in Chapter 1 schools, the 
Federal Government could provide a role model 
for States and districts. 
Fund research on cost-effectiveness methodol- 
ogies. This would enhance the apparatus of cost- 
effectiveness analysis to allow for multiple 
educational outcomes, time constraints, and dy- 
namic aspects of costs and benefits." In addi- 
tion, attention could be devoted to techniques 



^Scc. for cxnmpie. A. Chnrncs ct al., "Measuring the Efficiency of 
Decisionmaking Units/' European Journal of OpcrntionnJ Research, 
vol 2, No. 6, November 1978. Extensions the basic techniqu«« .il- 
low for multiple outcome measures, see Anand Desai, University of 
Pennsylvania, "Extensions to Measures of Relative Efficient, \v'»;ti an 
Application to Educational Productivitv/* doctoral dissertation, 1986; 
and Anand Desai and A.P. Schmnar, Ohio St.nc University, College 
of Business, "Methodologii i\ Issues jn Measuring Scholastic Improve- 
ment Due to Compensator, Education Programs," Working Paper No. 
WPS.198M9. 1987. 
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that incorporate the future probability of in- 
creased effects and/or decreased costs, which 
would add an important dimension to the static 
measure of known costs and effects. This line 
of analysis, which would introduce future in* 
novations in technology as an output of cur- 



rent uses of available technology, as well as an 
input to future learning processes, could pro- 
vide insight to the cost-effectiveness of new tech- 
nologies (such as interactive video and distance 
learning), for which there is as yet very limited 
experience. 
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Chapter 5 

The Teacher's Role 



"While our system of schools contains many consequential characteristics • • . 
none is more important than who the teachers are and how they work. Without 
good teachers, sensibly deployed, schooling is barely worth the effort." 

Theodore Sizer' 



INTRODUCTION 



Educators and educational researchers consist 
tently cite one factor as central to the full devel^ 
opment of technology's use in the schools— the 
classroom teacher. Computers, though powerful, 
are not self-implementing. But in the hands of a crea- 
tive and technically competent teacher armed with 
appropriate software, the computers and allied tech- 
nologies can provide a new world of teaching op- 
portunities. They are the newest, most versatile tools 
of the teaching trade. 

This chapter, while dealing with the teacher's role 
in the effective use of technology in schools, focuses 
on the use of computers for several reasons. As 
stated elsewhere in this report, many of the emerg- 
ing interactive technologies are computer based. 



'Theodore Sizer, Horace*s Compromise: The Dilemma of the Amer- 
ican High School (Boston, MA: Houghton Mifflin Co., 1984). 



And, although techriologies such as distance learn- 
ing and interactive videodisc are becoming increas- 
ingly important in K-12 schools, they are currently 
used less than the computer. While instructional 
television through the videocassette recorder (VCR) 
is experiencing a renaissance in the schools, it also 
often serves as the . . spark plug for educational 
chain reactions incorporating computer applications 
such as word processing or computer simulations.**^ 
Finally, all interactive technologies raise similar is- 
sues: how do teachers use them and why, how does 
their use affect the teacher's role, what training do 
teachers need to take advantage of them, and what 
barriers stand in the way of fuller utilization? 



See Milton Chen et al.. Case Studies of Exemplary Instructional 
Television Use (San Francisco, CA: KQED Instructional Television, 
January 1988). 



FINDINGS 



• Despite the presence of computers in almost all 
K42 schools nationwide, only half of the Na^ 
tion's teachers report that they have used com^ 
puters in instruction. Barriers to use are both 
practical (inadequate access to the technology) 
and intellectual (initial fears of using the technol- 
ogy and a lack of understanding of the computer's 
value in serving the curriculum). 

• Few teachers have found ways to exploit the 
enormous potential which interactive technol^ 
ogies offer. Use in most cases is adapted to the 
curriculum at hand and the teacher's existing 
teaching methods. Teachers are just beginning to 
understand the computer's potential for helping 



students solve problems, think for tliems» jves, and 
collaborate with other students. The computer 
can help shift the teacher's role from education 
dispenser to coach, guiding and encouraging each 
student to become an active participant in his or 
her own learning. 

Most teachers want to use technology. Some of 
their reasons are personal: the desire to develop 
professionally, to learn the newest tool of the 
trade, and to do their jobs better. Some are cen- 
tered on benefits they see for their students: prep- 
aration for the world of technology outside school 
and a vehicle to channel the students' enthusiasm 
for technology into creative learning. Other rea- 
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sons include fear of being left behind or being 
replaced by the technology, and pressure from 
parents, school boards, and administrators. 

• The process by which teachers appropriate 
technology is more complex than that by 
which teachers adopt other changes. Initial 
fears regarding technology may need to be over- 
come before teachers feel in control. Training with 
computers is an ongoing process that takes place 
at varying levels, depending upon the teacher's 
responsibilities and the way the technology is to 
be used. Teachers need opjxjrtunities for practice 
with the computer, with continuing support from 
trainers or computer-using peers. Once teachers 
feel comfortable with the computer as a tool to 
help them do their job, they look for ways to inte- 
,grate it into their existing curriculum and seek 
opportunities to do things previously impossible 
in the classroom. Few then wish to go back to 
teaching without computers. 

• Teachers use computers in ways that work best 
with their own teaching styles and methods, but 
these styles evolve as teachers gain more com^ 
puter experience. Some teachers individualize in- 
struction, encourage individual and group prob- 
lem solving, and enhance peer learning when they 
have computers in the classroom. Activities facili- 
tated by computer use include teaching writing, 
doing laboratory experiments in science, solving 
sophisticated problems in mathematics, or using 
simulations in social studies classes. 

• The very opportunities opened by the computer 
can create more work for the teacher, making 
the job harder initially. Although the computer 
can minimize some administrative chores and ease 
classroom discipline, other tasks which accom- 
pany computer use (individualizing lessons, match- 
ing software to the curriculum, scheduling stu- 
dent computer time, monitoring use, providing 
assistance, and troubleshooting) add a net bur- 
den to the teacher's time in the short term. 

• The teacher reform movement has created spe^ 
cial challenges and opportunities for the appli^ 
cation of technology to education. As more 
teacher education programs become 5-year pro- 
grams, with students ear-hing undergraduate d^rees 
outside of education, computer training will need 
to be sandwiched into a tighter teacher prepara- 



tion curriculum. Integrating the use of technol- 
ogy in subject matter courses can be an effective 
way of making computer skills part of prepara- 
tion of new teachers. Having student teachers in- 
tern with computer-using classroom teachers can 
also provide role models for technology use. 

• Preservice technology training, while impor^ 
tant in giving prospective teachers facility with 
the computer, only serves as an introduction. 

Teachers need continuing training as the tech- 
nology changes, as new and more effective appli- 
cations are developed, and as more is learned 
about learning with technology. 

• The Federal Government's role in training 
teachers to use technology has been a limited 
one, although Federal support was important in 
creating a ^^first wave" of computer^using edu^ 
cators. The major players in supporting teacher 
training have been the States and local districts. 
They have made substantial financial commit- 
ments to preparing teachers to use computers, but 
this support has been highly variable across States 
and districts. 

• Any further investment ih technology for edu' 
cation must factor in teacher training and sup' 
port, whether that effort is focused on a few spe^ 
cialized teachers or on all teachers. Although 
most of the responsibility for training will fall on 
local school districts, there are important ways 
to use the resources of intermediate education 
agencies. States, the Federal Government, and the 
private sector. 

• School administrators must support and encour^ 
age teachers to use technology throughout the 
curriculum. For this to occur, they too will need 
training that provides them with an understand- 
ing of instructional applications of computers and 
a vision of the potential for change they offer. 

• Efforts to support teachers require attention to 
more than immediate needs and current prac^ 
tice. The technology offers new possibilities for 
enhancing the teaching environment and teachers* 
personal and intellectual growth. Teachers need 
an environment in which they can feel free to ex- 
periment if they are to discover the opportuni- 
ties that the technology can provide. 
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HOW TEACHERS USE TECH NOLOGY' 



Background: Teacher Attitudes 

Almost all teachers want to use technology/ 
Some of the reasons cited are related to per^ 
sonal growth) some to concern for students^ 
and some are reflective of external pressures* 

Being professionals, most teachers want to stay 
abreast of the latest developments in their field. As 
one teacher stated; "I always made the commitment 
that when I becam^ia teacher who didn't want to 
do the new things or at least investigate them and 
give it a good shot, then I didn't want to teach any- 
more."^ Some see the use of computers in all aspects 
of society as inevitable* They want to be able to pre- 
pare their students for the outside world. Many have 
used computers at home and are intrigued by the 
possibilities they offer, or they have observed their 
students' enthusiasm for computers and want to 
channel that enthusiasm to the classroom* 

Some have seen the computer's potential as a tool 
to do things in the classroom they had been una- 
ble to do before. "In some ways I'm rewriting the 
curriculum* I can't show on a blackboard a thou- 
sand balls dropping through a triangular grid. And 
to get a distribution, I want a graph to talk about 
theoretical and experimental probability. So I use 
computers a lot for simulations." They understand 
from experience that students learn in different ways. 
"Having computers in the classroom can help provide 
different kinds of learning experiences for students; 
for example, the visual learner, or those overwhelmed 
by the large classroom and all its distractions, who 
really pay attention to the focus of the computer 
screen." 

For many teachers, the computer lights a fire un- 
der their teaching spirit, rekindling waning enthu- 



^This section draws heavily on Martha Stone Wiske, Harvard 
University, Educational Technology Center, and Phillip Zodhiates, Edu- 
cation Development Center, Inc., "How Technology Affects Teach- 
ing," OTA contractor report, October 1987. 

*As early as 1982, a National Education Association random sam- 
ple of approximately 1,200 teachers revealed that 83 percent of the 
teachers surveyed wanted to take a course to learn how to usr o ':om' 
puterfor instructional purposes. Seventy percent or more believed that 
computer use in schools has a positive effect on student motivarion, 
subject interest, attention span, self confidence, and cognitive learn* 
ing- National Education Association, Teacher Survey NEA Report: 
Computers in the Classroom (Washington, DC: 1983). 

The comments in quotes are derived from teacher interviews con' 
ducted for OTA by Wiske and Zodhiates, op- cit., footnote 3. 



siasm for teaching. As one teacher said, describing 
her colleague, "The use of computers in teaching 
gave him a new lease on life. This is all he talks 
about— what his students did in class. He's really 
excited about it!" 

Finally, some teachers admit that they are re- 
sponding to outside pressures. Administrators and 
parents want teachers to use the machines that have 
been placed in their classrooms. Having computer 
skills can also open doors to new jobs in the schools, 
as in cases where teachers avoid staff cutbacks by 
switching to positions that involve computers. Pres- 
sure from teacher peers can also be a strong moti- 
vator. When asked to describe the relationship be- 
tween teachers who use computers in their classes 
and those who do not, one teacher stated, "It's the 
advocates versus the guilty!" 

Yeti not all teachers embrace computers with 
open arms. As one teacher said; "They rolled this 
thing (the computer) into my class and said, *Here, 
it's yours for the month,' What did I want with it? 
It was a distraction. I let each kid have a half hour 
on it and the other 23 would be looking at the clock 
the whole time, saying Is it my turn yet?' By the 
end of the first week I just used it as a place to throw 
the kids' coats on," Others express their concern 
in more positive terms: "I don't plan to use it and 
don't feel the need to apologize. I teach the way I 
teach because it works for me and my students. I'd 
rather take a course in the summer on Greek tragedy 
so I can add that to my literature course, than a 
course in how computers work. It's a question of 
allocating a valuable resource, my time, where, in 
my professional judgment, I can best nourish my 
own growth and that of my students." 

Finally some teachers fear that their students may 
lose important underlying skills, such as penman- 
ship or computation, when adopting new technol- 
ogies that replace these skills. Fearing the loss of the 
old in adopting the new is not a novel concern. In 
the words of an early critic of technology; "Those 
who acquire it will cease to exercise their memory 
and become forgetful; they will rely on (it) to bring 
things to their remembrance by external signs in- 
stead of on their own internal resources." He went 
on to criticize this new technology for replacing a 
human response with a manufactured artifact and 
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for cheapening learning by democratizing access to 
knowledge. The critic was Plato, in Phaedrus^ ar- 
guing against the introduction of writing in ancient 
Greece.^ 

Some of the objections voiced by teachers are 
based on prior skepticism, partial information, bad 

^As cited in James Cummins and Dennis Sayers, MicroTrends: 
Computer Writing Networks and Empowerment (Reading, MA: 
Addison-Wesley, in press). 



training, and lack of exposure to uses of computers. 
Teachers (and others) also tend to blame computers 
for problems caused by the people who use them 
poorly. Without contact with effective computer- 
using teachers they have no positive models. (See 
box 



'The portrait in this box and in boxes 5»B and 5»C are composite 
profiles of fictionalized teachers who illustrate common themes of 
teachers' varying approaches to technology use in the classroom. The 

(continued on next page) 
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Uses in the Classroom 

There is not "one computer in education"; there 
are many possible educational computer cultures.® 

Sherry Turkle 

There are as many ways teachers can use com* 
puters in the classroom as there are varying teach*- 
ing styles. Teachers use groups of computers in lab- 
oratories very differently than one or two in. the 
classroom. A single computer in a classroom can 
be used by the teacher in various ways at various 
times— sometimes as a provocative learning station 
for individual students, sometimes for interactive 
demonstrations led by the teacher for the whole 
class, and in other instances for collaborative prob- 
lem solving by a small group of students. Use in so- 
cial studies is different from that for science labora- 
tory work; drill and practice for review of basic skills 
is very different from students programming a com- 
puter to make machines move. Indeed, asking, "In 
what ways do teachers use computers, and how does 
the computer affect the teacher and his or her teach- 
ing?" seems as broad a question as, "How do teachers 
teach with books and what effects do books have 
on teachers?** (See box 5-B.) 

One of the most frequently cited areas where 
computers make possible things that could not be 
done before is in special education. The computer 
has been described by some as "the freedom ma- 
chine,** opening the door to educational pathways 
previously inaccessible to handicapped or learning 
disabled students. For the physically handicapped, 
adaptive devices can make communication itself pos- 
sible. For trained teachers with access to appropri- 
ate information, computers can be powerful teach- 
ing tools for special education students. (See box 

(continued from previous page) 

composites are drawn from Wiske and Zodhiates, op. cit., footnote 3. 
In this report a sample of 76 teachers, from 10 regionally diverse school 
districts, including urban, suburban, and rural sites, were surveyed in 
extensive telephone interviews. Twenty classroom teachers from vari' 
ous school systems in the Boston area were also interviewed. In the 
interviews, which lasted on average 1 hour, open-ended questions were 
asked concerning their personal classroom computer use, the computer 
training and support they had received, and their assessment of the 
Impacts of the computer on their teaching style and on their students. 
In selecting the sample, the researchers attempted to balance for teacher 
position, gender, and extent and type of computer use. The compo' 
sites are intended to draw a picture of, if not real people, real types 
of teachers, to give a feel for common categories and concerns. The 
device results in a cross between straight statistical survey research and 
hypothesis. See the Wiske and Zodhiates report for additional com* 
posite profiles, 

^Sherry Turkle, personal communication, November 1987. 
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5'C.) However, many special education teachers 
(and classroom teachers who have disabled students 
mainstreamed in the regular classroom) are not 
aware of what is available and what is possible. In 
addition, the educational system provides few if any 
incentives or rewards to teachers who go out of their 
way to see that their special education students have 
equal access to computers. As a result, the special 
education student, especially if mainstreamed into 
a regular classroom, often is placed, like the non- 
English speaking student,*' at the end of a long line 
when it comes to classroom computer use. 

How the Use of Computers Can 
Change Teaching Style 

One of the most significant impacts of the use 
of computers in the classroom is change in teach' 
ing style. Teachers can go beyond the traditional 
information delivery mode where they are pre* 
senters of ready-made knowledge and become 
facilitators of students^ learning. With computers, 
students can work on problems individually or in 
small groups while the teacher acts more like a coach 
circulating among them and giving assistance. (See 
box 5-D.) Some teachers find that they are able to 
observe more of the learning, process when watch- 
ing students interact with computer-based materi- 
als. So»ne teachers welcome the opportunity to learn 
alongside their students: "IVe become more of an 
involved participant than an authority figure . '• . 
a learner with students rather than a presenter of 
facts," For many, this is a significant change from 
how they were taught to teach. It can be both ex- 
hilarating and intimidating. 

Teachers who use the computer as a medium that 
students can manipulate individually or in small 
groups find theii students become more actively en- 
gaged in learning and thinking than during tradi- 
tional lecture-oriented lessons. Such teachers use the 
computers to give students more responsibility for 
cheir own learning.*^ Students can work at their 

^See U.S. Congress, Office of Technology Assessment, 'Trends and 
Status of Computers in Schoob: Use in Chapter 1 Programs and Use 
With Limited English Proficient Students," staff paper, March 1987. 

'^See Sizer, op. cit., footnote 1, for a fuller discussion of the tradi' 
tional American high school and the docility it engenders in students. 
In his report he states, "No more important finding has emerged from 
the inquiries of our study than that the American high school stU' 
dent, as student t is all too often docile, compliant, and without initia^ 
tive." Sizer contrasts this to what he calls ". . . the hungry student . . . 
active, engaged in his or her own learning. The student takes the ini' 
tiative and works at teaching himself* (p. 54). 
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Box S'B.—Using Computers in an Elementary Classroom* 

**Laurie Adler" teaches first grade in a typical elementary school where she is responsible for teaching 26 
students everything except art, music, and gym. She has taught for 14 years and has a bachelor's degree in 
elementary education. Four years ago she was unexpectedly given a computer to use in her classr<x)m. Although 
computer use was not a required part of the first-grade curriculum, she believed she was expected to use the 
one she was given. "It was just dive in and get wet." She took one course offered by her district, but has basically 
taught herself by experimenting with games, educational software packages, and word processing. She continu- 
ally reassured herself: "Not to worry, there's plenty of time to learn how to do this. These are little kids, I just 
have to keep a day ahead of them." Over the past few years, she has gradually felt more at ease usii\g computers, 
discovering that "you can teU-the computer. what to do, that's basically what all the software is about. What 
a wonderful revelation—that it's not some magical machine!" 

Laurie has had one computer in her classroom at all times and also has had access to several "floating" 
computers pnxarts. Her instructional approach with computers is flexible. The computer serves as a "learning 
station" in her classroom. "I've found that it just fits in with the way I like to do things during school Hav- 
ing a computer in the classroom helps me to keep more of an individualized approach to teaching." Laurie 
also uses the computer for whole class lessons and small group work. Her students use some mathematics and 
reading software, but they use the computer mostly for writing. The children have written short stories and 
poems far superior, she believes, to what they would have produced with paper and pencil. Because her students 
are always enthusiastic about using the computer and find that writing can be fun, she believes that the com- 
puter has had a positive impact She observes longer attention spans and more patient behavior in her students. 
Moreover, by working together bri the computer, her students are beginning to appreciate each other's strengths. 

Initially, Laurie found that having a computer in the classroom presented logistical problems. "Tliere were 
a lot of interruptions in the rest of the class when these kids were working on the computer. Then I found 
it works to have a master computer pal on a rotating br^is, a child who really knows.a' piece of software, to 
whom those using the computer can go for questions rather than coming to me." She believes that computers 
encourage a sense of community in her class. Students often choose to work together on the computer; some- 
times two children even share a chair. 

Laurie thinks teaching with a computer is a little more difficult— the computer makes her work harder. 
"I have to keep things very focused in terms of the^kinds of projects we're working on. to be sure that all kids 
have an opportunity to use the computer." Each week, she makes up a schedule to ensure that everyone will 
have a chance to work on the computer once or twice a week for about 30 minutes. Laurie would use computers 
even more extensively if only she tiad more— more computers, more time, and more training. For now, she 
arrives at school early to .prepare materials, and sometimes works late into the afternoon as well. Although 
no monetary rewards or special status are associated with knowing about or using computers in her school, 
Laurie says: "You know where the reward comes: it comes when children choose to stay after.school, to come 
in at 8:00 o'clock in the morning to work on the computer, and when parents says that they appreciate the 
extra effort that you've made. I really appreciate that." 

'Composite portrait prepared by Martha Stone Wiske, Harvard Universiry, Education Technology Center, and Phillip Zodhiates, Education Develop, 
ment Center, Inc., "How, Technology Affects Teaching/' OTA contractor report, October 1987. 



own speed and can figure out more for themselves. 
Some students who do not respond well to lessons 
based around a lecture format deal more positively 
with the interactive, visual medium of the computer. 

The typical school today has a specialized com- 
puter laboratory and/or a few classrooms with one 



or two computers each." As demands for separate 
computer literacy and programming courses dimin- 
ish, some schools are moving their stand-alone com- 

"Sec ch. 8, Box S-A— Apple Classroom of Tomorrow, for a descrip- 
tion of the exceptional case of classrooms where every student has a 
computer on his or her desk. 
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Box Using Computers With Special Education Students* 

"Chris Johnson" teaches special education: learning disabled, mentally retarded, physically handicapped, 
and speech impaired students ranging in age from 12 to 18 years in a large urban high school. Several year^ 
ago Chris enrolled in a graduate level course on educational uses of the computer. He saw the possibilities of 
using computers for individualized instruction and enhanced social interaction with his students, but realized 
that available software would need to be adapted or new software "invented" to meet his students' special needs. 
It was embarassing for his students to use elementary school software when they were in high school. He wrote 
a mini-grant proposal to a hardware manufacturer to adapt promising special educational materials, making 
them user-friendly and suitable to the structure and pacing of a special education classroom. As a result, he 
was awarded twc^' computers for his class. 

Chris explored various ways to apply the computer to his teaching. He has used the program Printshop 
as a business venture to help students develop vocariohal and social skills. Word processing skills have been 
parricularly important for improving student self-esteem when, perhaps for the first time, a disabled student 
produces something legible that could be put in a book and shown to parents or friends with great personal pride. 

Like many computer-using teachers, Chris views the computer as a tool that can do many things. Perhaps 
the most tellfng reason for Chris* enthusiasm is the computer's role as "equalizer" among his students and be- 
tween them and other students in the school. He has instituted a peer buddy system to promote this process, 
pairing a special education student with a mainstreamed student to work together on computer activities. "My 
retarded kids could ivhup those regular kids with some of the memory games and some little spelling games 
and things like that. I think it was one of the first times that the regular kids perceived this normal competency 
level in handicapped kids." He has observed how the computer allows students with disabilities to find common 
ground with other students in the school. He also believes that many of his handicapped students will later 
in life need to interact with machines on the job or at home. School experiences with computer-based technol- 
ogy can present the handicapped learner with opportunities for ftiture success. 

Chris claims that the presence of computers in his classroom has made a substantial difference in the way 
he teaches. Some software has led him into content areas he would not otherwise have explored. The adapta- 
tioii and invention of other software programs for special students has forced him to concentrate on students' 
control over their environment and over their own learning. He has observed his students using the computer 
to open new channels of communication with their peers, especially those students who have had difficulty 
with the social dynamics of the classroom, in making friends, or working with others. "I've had romances form 
around the computer;" for some of the students it was a deflection of having to work that difficult interaction 
of male/female roles. His enthusiasm is tinged with the understanding that computet^ are costly and require 
alot of his time to organize their use in the classroom, but he is undaunted. "Tne most compelling reason for 
using computers with special education students is that they work. They function as a multipurpose coping 
mechanism and as a catalyst to better social interactions, particularly important features of academic success 
in the special education classroom." 

^Composite porfraU prq>arcd by Martha Stone Wtskc, Harvard University, Education Technology Center, and Phillip Zodhiates, Educatica Develop- 
ment Center, Inc., "How Technology Affects Teaching," OTA contractor report, October 1987. 



puters into individual classrooms. Many teachers 
have found that having only one or a few computers 
in the classroom requires students to work together. 
This stimulates cooperative learning and peer teach- 
ing among students, and develops their communi- 
cation and social skills. Even simple drill and prac- 
tice programs may be used with pairs or triads of 
students at one terminal taking turns and helping 
each other. 

O 
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For example, OTA staff observed a junior high 
English for Speakers of Other Languages classroom, 
where three boys, one from Honduras, one from 
Laos, and another from Pakistan, worked together 
at the computer puzzling over a multiplication/di- 
vision drill software program written in English. The 
boys' skills in spoken and written English were 
limited and varied, but together they encouraged 
each other to solve the mathematical problems so 
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Box The Teacher as a Coach: Teaching Science With a Microcomputer^Efased Laboratory^ 

Douglas Kirkpatrick teaches an eighth grade physical science class in Walnut Creek, California. Working 
with a research team from the nearby Lawrence Hall of Science, he has been using the computer as a "silent 
laboratory partner," helping his students understand concepts in h*at and light in a n<*w way. His 32 students 
are teamed up in pairs using 16 microcomputers donated by Apple. The software is made up of microcomputer- 
based laboratory (MBL) materials, temperature probes, light probes, and heat pulsars for the collection of data, 
with accompanying curriculum materiak, all developed by the Technical Education Research Centers in Boston. 

Kirkpatrick found that his students had reasonable intuitions about the effect of insulation on the tempera- 
ture of a liquid— gained from their prior experience with styrofoam cups— and the relationship between volume 
of a liquid and the amount of heat that needs to be added to make it boil— gained from heating large and small 
quantities of liquid in the kitchen. However, Kirkpatrick*s students, like other science students,.had persistent 
misconceptions about other scientific phenomena. As he noted, many students believed "you only have a tem- 
perature if you are sick," or "you have more hot chocolate, so yours is hotter than mine," or "temperature 
is all the degrees, but heat only refers to temperatures that are above warm." Merely telling students how heat 
differs from temperature or having them read about it in a textbook has traditionally had little or no effect 
on these entrenched misconceptions. 

In the past, Kirkpatrick had clustered his students in small groups in a laboratory to study temperature. 
He had them observe water and moth flakes cooling, with some students calling out times and temperatures, 
while others painstakingly recorded the data. Later, teams constructed graphs of their efforts and attempted 
to relate the curves on the graphs to key moments in the experiments. While students typically found these 
laboratory experiments more interesting and fun than a lecture or reading about temperature, the underlying 
cognitive concepts still did not seem to take hold. 

Doing the experiment with the MBLs, Kirkpatrick*s students were freed from the tedious mechanics of data 
collection, enabling them to focus on changes occurring before their eyes as recorded on the computer. Having 
the computer simplified experiments that would otherwise have been confusing. Real-time computer graphing 
was an antidote to their typically limited adolescent attention spans. His young experimenters, like "real" scien- 
tists, were able to use technological tools to collect, display, and analyze data, freeing them to concentrate on 
the effect of the experimental action, to observe, discuss, and analyze. Students were able to repeat their experi- 
ments easily when they had questions. They could also readily compare results with their fellow students, giving 
rise to lively class discussions about the meaning of the experiments. 

If the computer was the silent laboratory partner, what was the teacher's role? Like any laboratory situa- 
tion, where students have a hands-on engagement with learning, the teacher became a coach. In this instance,^ 
Kirkpatrick found that most students at first completely trusted the data from the computer. It was Kirkpatrick's' 
job to direct their attention, to help them become aware of sources of invalid data, to teach them to diagnose 
the causes and help them evaluate data the computer collected. He taught them to detect poorly calibrated 
probes, discard data from such probes, and to recalibrate tneir scientific instruments. He guided their discussion 
to confirm their understandings. 

Kirkpatrick has been delighted by the interactions he has observed among the students, and presides over 
countless fascinating classroom discussions of complex science concepts. He says, "I can't imagine a physical 
science laboratory without computers anymore." 

*Thi$ is a rionfiction account of the activities carried out by a real classroom teacher. See also Marcia C. Linn, University of California at Berkeley, "Using 
the Computer as a Laboratory Partner: Cognitive Consequences," paper prepared for the symposium on "Computers in School: Cognitive and Social Proc- 
esses" at the Second EARLI Conference, Tubingen, Germany, September 1987. 
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Ptioto CffOtt: Compitif Utning Month 

**\ leam a lot moro about my students because t can watch 
tham team. Before, I couldn't watch them team, because t 
wad busy delivering the curriculum. My role has changed with 
computers." 

—OTA teacher interview. 



they could "win" the game. Three boys, three lan- 
guages, one computer. Together they succeeded 
where one alone would have been lost. The teacher, 
busy elsewhere in the classroom, was available to 
them but was called upon for assistance only when 
all three were stuck on a point. Besides learning the 
mathematical facts at hand, the students were learn- 
ing other social and communication skills equally 
important for school success. 

Cooperative learning at the computer works par- 
ticularly well in classroom activities using Simula- 
tions and problem solving software. Students can 
be grouped with mixed abilities and work together 
on tasks that cannot be completed individually. 
Many software simulations are designed with the 
assumption that only one or a few computers are 
available for a whole class. Such simulations also 



provide opportunities for teachers to integrate vari- 
ous discipliD*s. For example, teacl;ers using the 
popular simulation The Oregon trail, which puts 
students into the role of early pioneers, have incor- 
porated subject areas beyond social studies: language 
arts (ha*- ing students keep journals); mathematics 
(in planning purchases for the trip); art (making 
maps and drawings for the walls illustrating the jour- 
ney); science (learning about climate, wildlife, and 
nutrition during the trip), and music (singing songs 
of the pioneer days).*^ 

Group learning with the computer engages stu- 
dents as actors and decisionmakers and chaimels 
their need to feel important as contributing mem- 
bers of a team. Too often this need is met only by 
after-school activities, such as band, play produc- 
tion, or putting together the school newspaper.*' 

This cooperative, group learning model has of 
course bvten used m other situations without com- 
puters as the focal point, but the interactivity of 
computer simulations and the machine's manage- 
ment of content ft'ees the teacher to observe the 
groups in action, and to concentrate on the art of 
leading the students in their analysis and discussions. 

Not all teachers welcome this change in the 
teacher's role. For some, it can be threatening. "If 
all the eyes in the classroom aren't on me, I'm not 
caching." Others wonder, "Are the teachers who 
are not successftil with traditional teaching methods 
the ones who switch over to using the computer?" 

Other computer-using teacher? report that com- 
puters have exerted little or no influence on their 
personal classroom behavior. These reactions reflect 



"Holly Jobc» Montgomery County Intermediate Unit 23. Erden- 
helm, PA, **A Look at Cooperative Learning in the Computer Class- 
room," /nrer/ace: Montgomery County Microcomputer News, vol 4. 
No. 3, November 1987, p. 2. 

"Research has documented the powerful value of peer learning. Re- 
searchers studying the introduction of LOGO in classrooms have scen^ 
a •'restructuring of expertise" which included peer expertise recognized 
by students. See Jan Hawkins and Karen Sheingold, "The Beginning 
of a Story: Computers and the Organization of Learning in Class- 
rooms,** Microcomputers and Education: 85th Yearbook of the Na* 
tional Society for the Study of Education (Chicago, IL: University of 
Chicago Press. 1986). pp. 40-58. 
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Peer leaming^and language development can take place as students work together at the computer. 



different circumstances and styles of computer use. 
Since drill and practice or tutorial software is de- 
: signed for use by individual students working inde- 
pendently from the teacher, it is understandable that 
teachers using such software find computers have 
little impact on their teaching style. They see the 
-computer as a way of giving their students more 
"seatwork" or practice time, which they would 
otherwise provide with mimeograph practice sheets 
or other kinds of drillwork. Furthermore, present- 
ing concepts to a whole class, then breaking the class 
into small groups to allow the children to become 
actively involved in solving problems, can be done 
with or without the computer. For teachers who 
have long used such methods, computers seem a nat- 

/ ural extension of their arsenal of teaching tools. Fi- 
nally, for many teachers, especially those in elemen- 
tary schools who have classroom activity centers, 

A the computer provides another engaging learning 
station. 



Effects on Classroom Management 

Almost all teachers who have taught with com" 
puters agree that» at least initially^ most uses of 
computers make teaching more difficult. It takes 
planning to handle the basic logistics of scheduling^^ 
which students will use computers when and where, 
to make the necessary equipment and materials 
available, and to have a fall-back lesson in case the 
computer malfunctions. It also takes a great deal of 
planning to incorporate computers into a lesson. 
Much of today's computer software covers only one 
or a few instructional concepts. The teacher must 



'^In many schools, just getting access to the limited computers or 
laboratory time can be a major scKsdultng nightmare. This is another 
area where administrative support is important. Principals need to be 
aware of the scheduling issues (and equity implicaUons) in determine 
ing who gets access to the equipment. 
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"Computers give teachers a better opportunity to individualize* 
but that doesn't mean it's easy. Individualization is difficult 
to manage." 

—OTA teacher interview. 



find the best ways to incorporate sundry pieces into 
the overall curriculum. As one teacher said: 

It took me a while to get used to all this. It took 
me two months to understand what was going on 
. , . then a year to get good ar it ... to learn all the 
software programs and all the intimate details and 
intricacies of how the room worked. It took me a 
good year to be comfortable . . . but by the end of 
that time my room was pretty red-hot. 

Although teaching with computers may require 
more preparation initially, teachers also report 
that technology eventually eases some aspects of 
classroom management. When students find their 



work on the computer engrossing, discipline prob* 
lems decline. Absenteeism can be cut down, both 
by increased student enthusiasm for school, and 
through management systems such as automatic 
telephone calling systems that report to parents on 
unexcused absences in school.'* Spreadsheets or 
special purpose grading programs, word processors, 
database managers, and desktop publishing can 
streamline many of the teachers' administrative bur* 
dens such as maintaining records and preparing ma* 
terials. 

Management tasks can be greatly simplified when 
teachers use networked systems. Some of today's in* 
tegrated learning systems, which use large capacity 
storage systems on hard disc or compact disc-read 
only memory (CD-ROM), can hold thousands of 
individual lessons matched to the schools' curricu' 
lum, at levels ranging from primary through sixth 
grade skills, for the teaching of reading, language 
arts, and mathematics. Each student in the class- 
room can be working on a different lesson, with the 
management system automatically recording each 
student's progress, printing out for the teacher a 
detailed record of the student's work. The printout 
indicates which problems the student answered cor- 
rectly, which were missed, and how long it took the 
student to complete the tasks. The teacher can then 
incorporate this information in planning which con- 
cepts must be reviewed when students return to the 
classroom, and cluster students, by needs. By greatly 
easing recordkeeping and monitoring, these systems 
make it possible for the teacher to individualize 
teaching to a much larger degree. 

Effects on Teacher Accountability: 
The Testing Question 

One of the major issues in teaching is testing and 
teacher accountability, an issue that also has a di- 

recent study at the University of Tennessee examined alterna- 
tives for dealing with student absenteeism at nine comprehensive high 
schools, matched for their student body characteristics. Over a 60-day 
period, it was found that student absentee:: nra dropped 55 percent in 
schools where the parents of absent students wet i called by computer^ 
based automatic calling systems in the evening} while student absen' 
tecism dropped only 18 percent when parents of students missing school 
were called by school personnel during the school day. The computer* 
generated calling systems were found to be a much less expensive means 
of contacting parents. Maurice M. McDonald, University of Tennes- 
see, "A Comparison of the Effect of Using Computer Calls and Per' 
sonal Calls for Improving Pupil Attendance in Public High Schools,** 
doctoral dissertation, 1986. 
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rect bearing on use of computers and other tech- 
nology in the classroom. Teachers* evaluations are 
often tied to students* scores on standardized tests 
that do not directly measure the progress of students 
who are tackling open-ended problems, collaborat- 
ing with other students, and turning in assignments 
that require more than a right/wrong answer. 
'Teachers thus have an incentive to^use skill-specific 
software that matches the curriculum goals for which 
they are responsible. They are deterred from explor- 
ing exciting possibilities offered by software that is 
not tied to a particular measurable skill, but which 



^^Hawkim and Sheingold, op. cit., footnote 13. 



may provide opportunities for.the student to engage 
in problem solving or to just "play around." 

Educators have legitimate concerns regarding how 
the work done on the computer fits into the cur- 
riculum. They know that the bottom line is test< 
ing, and that they are held accountable for assur- 
ing that the facts of the subject matter are covered 
in their classroom. Therefore, although a teacher 
may recognize the value of seeing the students work- 
ing together, cooperating, and developing creative 
solutions to problems offered by simulation of an 
historical event, this same teacher must worry about 
whether these students have memorized the histori- 
cal facts that tests measure. 



TEACHER TRAINING IN TECHNOLOGY^' 



Although the State, district, and administrators 
set systemwide curriculum requirements, it is the 
teacher who determines how instructional activities 
are carried out. The classroom teacher looks at the 
time and texts at hand, slices the subject matter into 
daily lesson plans, and determines how to teach the 
required materials. If computer technology is to 
have an impact on teaching and learnings teachers 
must be comfortable with computers, seeing them 
as tools that enhance rather than interfere with 
their daily teaching. For this to happen, teachers 
need special training. 

However, the vast majority of today's teachers 
have had little or no training on how to apply 
computers in teaching. Recent reports suggest that 
only about one^third of cdl K42 teachers have had 
even 10 hours of computer training.^^ Much of 
that training has focused on general computer liter- 
acy, at the "introduction to computers" level, rather 
than on the more sophisticated and comprehensive 
issues of how to integrate computer technology into 
the curriculum or how to use the computer for a 
variety of teaching tasks, some of which may be en- 
tirely new. Teachers need more technology train- 
ing (learning how to use computers to accomplish 
their current classroom goals), as well as more tech- 
nology education (gaining enough knowledge about 

'^Much of the work in this section is based on Allen D. Glenn and 
Carol A. Carriert "A Review of the Status of Technology Training 
for Teachers," OTA contractor report, Sept. 22, 1987. 

'^Office of Technology Assessment, op. cit.» footnote 9. 



the computer and understanding of its capabilities 
so they can explore the potential of the computer 
to improve learning in nontraditional ways). OTA 
finds that teachers need both training and educa^ 
tion if technology is to take hold in schools. They 
need to know how to work the technology to meet 
their goals, and how to work with it in changing 
goals based on what the technology makes possible. 

Traip'>3 and professional development, for both 
new and veteran classroom teachers, need to be seen 
as continuing efforts. Inservice education can bring 
the existing cadre of teachers up to speed, help them 
overcome computer anxieties, and guide them as 
they attempt to adopt powerful, multipurpose, and 
ever-changing technologies in the classrooms. Con- 
currently, it will be necessary to ensure that those 
entering the profession have the most up-to-date 
technology skills and underlying understandings. 
Unfortunately, the solution, like so many other an- 
swers to educational questions, is neither simple nor 
easily attainable. 

Teacher Education Reform Efforts 

The need to improve teachers* technology train- 
ing and education arises at a time when reforming 
teacher education is receiving much attention. This 
comes on the heels of several years of critical review 
of U.S. public education. Two major reports address 
these reform issues and their implications for teafcher 
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educarion.'^ The Holmes Group, composed of deans 
from large, researchoriented colleges, and the Cr 
negie Forum, a group of political, business, a" 
educational leaders, each call for major chang . 
the preparation of teachers, higher standards »cr 
teachers, and increased professionalism, along with 
appropriate professional compensation. 

The Holmes Group recommends that colleges 
abolish the undergraduate education major and 
move teacher education to a post-baccalaureate de- 
gree program. This would be a drastic change for 
almost all schools of education because, while post- 
baccalaureate programs have existed for years, they 
are the exception rather than the norm. 



Holmes Group, Inc., TomorTow*s Teachers: A Report of The 
Holmes Croup (East Lansing, MI: 1986); and Carnegie Forum on Edu' 
cation and the Economy, A Nation Prepared: Teachers for the 21st 
Century, the Report of the Task Force on Teaching as a Profession 
(New York, NY: May 1986). 



The Carnegie Forum has set into motion a Na- 
tional Board for Professional Teaching Standards 
that will develop national examinations and guide- 
lines for teacher certification, efforts many feel will 
change the profession profoundly. Concomitant ef- 
forts to reform teacher education are also occurring 
at the State level. More than 25 States require 
teacher competency testing in at least the basic skills 
of reading, writing, and mathematics. State regula- 
tions also specify the number of credits permitted 
in teacher education programs. Debate continues 
over how much time should be spent on content 
versus process in teacher education. 

As a result of these calls for reform at the State 
and national levels, teacher education programs are 
changing. In the midst of these sweeping changes, 
technology training is not the only issue in the 
teacher preparation debate, but it can be one piece 
of the solution. The teacher reform movement pro- 
vides the opportunity to consider new roles for 
teachers and how technology fits in. 



PRESERVICE TECHNOLOGY EDUCATION 



A Brief History 

As the number of computers increased in elemen- 
tary and secondary schools over the last 10 years, 
schools and colleges of education tried to respond. 
Many incorporated a basic computer literacy course 
into their curriculum, coverii^ such topics as: "What 
is a computer? How does it work? How do you pro- 
gram it?" Proponents of programming suggested that 
learning to program would remove much of the mys- 
tery surrounding the operation of computers and 
would give teachers greater flexibility in using 
them.^^ Teachers would also be able to develop 
their own software in a period when good educa- 
tional software was scarce.^' Others found empha- 
sis on programming reinforced the idea that only 
technical people— like those in the audio-visual/in- 
structional design departments where early computer 
courses often originated, or those in mathematics 
or the sciences—could understand computers. Other 



^^illiam Bramble et Computers in Schools (New York, NY; 
McGraw Hill, 1985), p. 225. 

^'T.J. Singlctary, "Programming for Leadership," /ourna/ of Teacher 
Education, vol. 38, No. 4, 1986, pp. 26-30. 



teachers were often intimidated by and/or unin- 
terested in computers. 

Current Efforts To Prepare Today's 
New Teachers To Use Computers 

Approximately 142,000 new teachers were ex- 
pected to graduate in 1987-88." Over 1,500 private 
and public institutions prepare these teachei's. Their 
programs range in size from those with a handftil 
of teachers to those that graduate several hundred 
each year. Today almost all of these teacher licen- 
sure programs provide some instruction in the use 
of computers." 

Despite course offeringSi graduates of teacher 
preparation institutions apparently do not feel 

"U.S. Department of Education, Office of Educational Research 
and Improvement, Center for Education Statistics, The Condition of 
Education (Washington, DC: 1986), p. 64. In making these projections, 
the National Center for Education Statistics used data from the Na- 
tional Education Association. 

^Eighty-nine percent of all schools of education offered some form 
of computer training to their students. See U.S. Department of Edu* 
cation. Office of Educational Research and Development, Teacher Prep' 
aration in the Use of Computers (Washingtcr., DC: January 1986). 
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prepared to use computers in teaching. The Amer- 
ican Association of Colleges for Teacher Education 
recently surveyed education faculty and students in 
90 member institutions offering bachelor's, master's, 
or doctoral programs in education. Both education 
faculty and students were asked to evaluate the ef- 
fectiveness of their teacher education program in pre- 
paring classroom teachers. On all but 2 of the 12 
aspects of teaching in the survey, more than two- 
thirds of both groups considered students to be pre- 
pared to assume the tasks of classroom teaching. Yet 
this preparation did not carry over to teaching with 
technology. The faculty rated only 58 percent of the 
students as prepared to teach with computers, while 
only 29 percent of the education students felt ready 
to teach with computers.^* (See figure 5-1.) 

Factors Affecting Technology 
Training Programs 

Several important changes over the past 10 years 
directly affect teacher technology training programs. 
Some have facilitated the technology training efforts, 
but others have created new problems that may ex- 
plain why so many new teachers do not feel pre- 
pared to teach with computers. 

Changing Technology. — Hardware and software 
have become easier to use, more powerful, and more 
useful in the classroom. More powerful and adapt- 
ive software means teachers have less need for pro- 
gramming skills. Computer training has become less 
technical overall. However, rapid technological 
change also creates problems for schools of educa- 
tion similar to those faced by teachers already in 
classrooms. As one dean at a major college of edu- 
cation said: 

The problem is how to prepare teachers for hard- 
ware that is not yet invented, for software that is 
not yet designed, and for curricula not yet imagined. 
It*s hard to have a vision of what technology will 
be, but, as deans, we have to have a vision, and we 
have to realize that it will change.^^ 



American Association of Colleges for Teacher Education, Teach- 
ing Teachers: Facts and Figures (Washington, DC: 1987). 

^^Carl Berger, Dean of the College of Education, University of 
Michigan, Ann Arbor, quoted in "Education and the Challenge of 
Technology," proceedings of a Conference on Technology and Teacher 
Education, sponsored by the University of California, Berkeley and 
Apple Computer, Inc., August 1986. 



Figure 5*1.— Readiness to Teach: Perceptions of 
Education School Faculty and Student Teachers 
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SOURCE: Research About Teacher Education Project, Teaching Facts and 
Figures (Washington, DC: American Association of Colleges for 
Teacher Education, 1887). 



Varying Student Levels of Preparation.— Schools 
of education are faced with students whose computer 
backgrounds vary considerably. Since many more 
high school students now have at least minimal ex- 
perience with the computer, the education schools* 
student population is more computer literate than 
was the case even 5 years ago. According to one 
estimate, approximately 60 percent of freshman en- 
tering college today have experience using the com- 
puter. Nevertheless, some education school faculty 
have argued that education majors may be less pre- 



^^Judith A. Turner, "Familiarity With New Technology Breeds 
Changes in Computer-Library Courses," The Chronicle of Higher EdU' 
cation, July 22, 1987, pp. 9, 12. 
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pared to use technology than their peers in mathe- 
matics, sciences, or business majors." 

State Regulations and the Education Curricu' 
lum.— State departments of education and profes- 
sional organizations are establishing guidelines for 
what technology skills teachers need. For example, 
the Northwest Council for Computer Education 
prepared guidelines for teacher education in schools 
of education in Washington and Oregon. (See ta- 
ble 5-1.) The trend at the State level is to establish 
preservice education requirements. Currently, 18 
States and the District of Columbia require all stu- 
dents in their teaching degree programs or those 
seeking certification to take a course on computer 
topics, or require that students demonstrate familiar- 
ity in using technology for instruction.^ An addi- 
tional seven States recommend that some preser- 
vice training be taken.^^ This leaves half the States 
currently neither requiring nor recommending tech- 
nology preparation for new teachers. (See figure 5-2.) 

Although formal requirements may force the de- 
velopment of new programs of study in educational 
technology, establishing new programs with educa- 
tion school faculty whose technology expertise is 
uneven or limited is difficult. Furthermore, some 
analysts believe that schools of education are over- 



^'Gary Bitter, Arizona State University, personal communication, 
October 1987. 

^*rhe State of California law reads as follows: "Commencing July 
1, 1988, the minimum requirements for a clear teaching credential also 
include satisfactory completion of computer education coursework 
which includv^^ general ai.d specialized skills in the use of computers 
in educational settings, in accordance with regulations established by 
the commission. 

(a) The Legislature hereby finds and declares that California's pub- 
lic school pupils need quality instruction and support in the areas of 
computer education in order to develop the skills necessary for entry 
into an increasingly technological society. The legislature recognizes 
that computers and other technologies are an integral part of contem- 
porary society and the state educational system. 

It is the intent of the Legislature in enacting this section to provide 
a statewide standard for the preparation of educational personnel in 
the areas of computer education. 

(b) For purposes of this section, "computer education" means the 
process of teaching pupils about computers. 

(c) The Commission on Teacher Crcdentialing, in consultation with 
the Superintendent of Public Instruaion, may develop and dissemi- 
nate voluntary standards for the training and performance of teachers 
and resource personnel in the area of computer education. 

(d) The Commission on Teacher Crcdentialing shall study the effec- 
tiveness of the training and performance of teachers and resource per- 
sonnel in the area of computer education, and shall submit a report 
on the results of the study to the Legislature on or before December 
31, 1987." Assembly Bill No. 1681, Sec. 44261.7 and 44276, Oct. 1, 1985. 

^OTA State Educational Technology Survey, 1987. 
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Table 5*1.<-General Teacher Competencies in 
Technology 



The teacher should: 

1. have an appreciation for using the computer as a tool 
for solving problems; 

2. have the experience of using computers In the learning 
of subject matter; 

3. have knowledge of computer vocabulary; 

4. be able to use the computer as a tool (using applications 
such as word processing, spreadsheet analysis, or data- 
base management); and 

5. be familiar with computer hardware, including the every* 
day operation and use of a variety of machines. 

SOURCE: N. Moore, ^'Preparing Computer-Using Educators," The Computer 
Tettcher, October 1984, pp. 46-52. 

burdened with State regulations that can minimize 
creativity. Some States limit the total number of 
credits in the teacher licensure program. In Texas, 
for example, a maximum of 18 credits in education 
courses is allowed. Such restrictions make it diffi' 
cult for schools of education to develop a curricu- 
lum that meets the requirements for initial licen- 
sure and still has room for technology training, 
unless educational technology is introduced as a cen- 
tral element in both methods and theory courses. 
Currently, this orientation is more the exception 
than the norm. 

Resources in Education Schools: Hardware and 
Faculty Expertise.— Although today^s education 
students may have more access to computers in their 
overall university coursework than did their coun- 
terparts 5 years ago, the schools and colleges of edu- 
cation are often behind the rest of the campus in 
available hardware and faculty expertise. The edu- 
cation school or department has seldom received 
the large equipment donations from hardware man- 
ufacturers that other departments have. Education 
faculties have usually not received systematic train- 
ing in technology use. 

Trying to infuse technology into the traditional 
methods course remains a difficult task, due to- 
faculty reluctance and inexperience with comput- 
ers.^ One university tackled this problem by re- 



presentations by Gary Bitter (Arizona State University), Larry 
Hannah (California State University, Sacramento), and Charlotte 
Scherer (Bowling Green State University) at the 198? National Educa- 
tional Computing Conference confirmed this difficulty. They main* 
tained that it is often easier to provide a separate course on using the 
computer, than to convince, train, and support methods instructors 
in their content courses. Education students then lack models of teach' 
ing with the computer as a tool in various curricular areas. 
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7/] state REC0MMEhPSpre86rvk:etechfK)^ | | NO State requirements or recommendations 



^Requirements for technology trainino are pending or under consideration In Alabama, Colorado, Maine, and Vermont Requirements apply only lO teachers In 
certain subjects In Minnesota, Oklahoma, South Carolina, Tennessee, Texas, and West Virginia. 
SOURCE: Office of Technology Assessment, State Educational Technology Survey, 1987. 



leasing a professor of education from one of her 
courses for 1 year. Teaming up with methods in- 
structors in all subject matter areas to introduce 
computer-related activities into existing education 
courses, she helped out with more than 60 such class 
activities. She indicated that a key to the success 
of this program was working with the instructor to 
first identif/ an important problem or topic and then 
using the computer as an aid to teaching that topic. 
Many of the methods instructors she worked with 
had never used the computer in their courses. As 
a result of their work with this computer-using col- 
league, they began to explore computer applications. 



As confidence and expertise increased, so did the 
probability of use.^* Since teachers typically teach 
as they were taught, upgrading the technological 
skills of education faculty is an essential first step 
for preparing technologically literate entry-level 
teachers. 

Student Teaching Experiences:— Internships 
With ComputepUsing Educators.— One of the 

most important components of teacher training, and 
a focus of teacher reform efforts, is the internship 



^'Betty Collins, Associate Professor of Education, University of Vic- 
toria, as cited in Glenn and Carrier, op. cit., footnote 17, p. 26. 
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Photo credit: Houston fniependmtt School District 



Placing student interns with computer-using teachers 
can provide role models for teaching with technology. 

or student teaching period. If a teacher candidate 
interns in a classroom where the teacher uses tech' 
nology creatively and regularly, the teacher intern 
sees technology's promise and problems in a real- 
life setting. Conversely, a student teacher who comes 
into a classroom and develops lessons utilizing com* 
puters can help bring technology to the experienced 
classroom teacher who has not worked with com- 
puters previously. 

Where teacher education programs arrange to pro- 
vide schools with technologically-rich classroom 
environments (such as the professional development 
schools advocated by the Holmes Group), student 
teachers can experiment with technology in instruc- 
tion. Such environments could also serve as settings 
for experiments where student teachers collaborate 
with mentor teachers, teacher educators, and re- 
searchers to examine a particular technological in- 
novation. 

An interesting experiment integrating technology 
into the student internship program is taking place 
at the University of Virginia. With a $1 million 
equipment grant from IBM, the University's Curry 
School of Education set up Teacher-LINK, a com- 
puter networking system to make electronic com- 
munication available in public school classrooms 
where the student teachers are working. Student 
teachers faced with running a classroom can com- 
municate among themselves, with their cooperat- 
ing teachers, supervisors, and with faculry at the 
University, lessening the isolation that many teacher 



interns feel. Both student teachers and education 
faculty are excited by a resource that lets the stu- 
dent teachers ask questions as they occur and solve 
problems in the real time of the computer network. 
The system also supports discipline-specific computer 
conferences, for example, in English and social 
studies. These are to aid students in developing cur- 
ricula and lesson plans, and in learning classroom 
and subject-specific skills. 

One of the more practical aspects of the network 
is the opportunity it offers student teachers to sub- 
mit lesson plans and receive feedback from their co- 
operating teachers and supervisors: 

While tired teachers and interns may not want 
to stay for several hours after school giving and re- 
sponding to feedback, they may find it easier to look 
at lesson plans, evaluations, and project ideas in the 
comfort of their own homes, after they have had 
dinner and rested a bit. Then, if the intern prefers 
to work until midnight, but the cooperating teacher 
chooses to go to bed early and review the uploaded 
unit outline at 7 am, neither wakes the other, and 
no time is lost in leaving telephone messages.*^^ 

TTie organizers hope this experience will encourage 
users to develop an interest in other applications 
of networking, such as conferences and collabora- 
tion on curriculum development and research. The 
computer-networking infrastructure supports activ- 
ities ranging from elementary student projects, in- 
cluding cross-cultural writing networks, to advanced 
faculty research and collaboration.^^ 

A computer network can also become an infor- 
mal support system for beginning teachers, extend- 
ing their training through the first year of teaching. 
Unlike doctors, who have supervised internships fol- 
lowing medical school, beginning teachers are on 
their own once they graduate. Although the first 
year of teaching is a crucial period in teachers' de- 
velopment and can influence whether they stay in 
the profession, beginning teachers most often find 
themselves isolated, with few to turn to for advice. 



^^Judi Harris, Curry School of Education, University of Virginia, 
Charlottesville, "Teacher-LINK: An Electronic Culture," paper pre- 
sented at the annual meeting of the American Educational Research 
Association, New Orleans, April 1988. 

"For a full discussion of the uses of computer networks in K'12 cdu' 
cation, see Earl Dowdy, University of Illinois, Urbana»Champaign, 
"Computer Networks in Elementary and Secondary Education," OTA 
contractor report, October 1987. 
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' As a means of providing first-year support to their 
gradu ites, the Harvard Graduate School of Edu- 

^ cation set up the Beginning Teacher Network. This 

* network links 50 of Harvard's newest graduates with 
one another, and with several faculty members from 
the School of Education. They communicate through 

^electronic mail and in forums on teaching specific 
' subject areas, such as mathematics or psychology. 
Participants discuss classroom management and dis- 
cipline, field concrete suggestions on the nuts and 
boits of teaching, or talk about general education 



issues. Since the network's inception, roughly 3,400 
messages have been transmitted, averaging some 1 10 
messages a week. The participating beginning teachers, 
scattered across the country, value the camarade- 
rie the network offers and the encouragement and 
practical information they receive from one another 
and from Harvard faculty.^* 



^Blake Rodman, " 'Hang in There, Bob'; Notes for New Teachers 
Via Computer," Educat/on Week, vol. 7, No. 32, May 4, 1988, p. 1. 



INSERVICE TECHr 

Inservice education plays an important role in 
technology training for several related reasons. As 
cited above, most new teachers do not feel prepared 
to teach with computers. School systems must there- 
fore play catch-up from the start. Furthermore, with 
technologies changing and applications varying so 
widely, it may not be either possible or desirable to 
expect that preservice education will ensure the ef- 
fective use of technology by teachers. Just as preser- 
vice training prepares a teacher to begin teaching, 
so training in technology prior to entering the class- 
room may be best suited to providing introductory 
skills, enabling the new teacher to begin working 
with whatever technology exists in the classroom. 
Advanced training in applying new technologies can 
then occur through inservice and continuing edu- 
cation. Inservice training can also build on experien- 
tial learning, based on the teacher*s specific class- 
room experience and needs. Thus, training for 
teachers should be seen as an ongoing require" 
ment for professional growth. 

Industry spends up to $30 billion a year on for- 
mal education to enhance and upgrade the work 
force.^^ Much of the teacher reform literature ar- 
gues that education must make a similar effort. 

Unique Characteristics of Inservice 
Training in Technology 

Several characteristics and requirements of 
technology training distinguish it from other 
kinds of inservice training. Equipment is critical. 

^^Amhony Camcvale, "The Learning Enterprise," Training and Do 
velopment Journal^ vol. 40, No. 1, January 1986, pp. 18-26. 



LOGY EDUCATION 

It is possible to run an inservice session on a new 
reading or mathematics technique in a traditional 
classroom, but teaching teachers to use a word proc- 
essing or gradebook program requires a computer. 
Furthermore, teachers can apply what they have 
learned in an inservice session only if they have ac- 
cess to the technology once the training has ended, 
both for gaining confidence through practice and 
for application in the classroom. 

In addition, inservice training in technology must 
be sensitive to the concerns or anxieties with which 
teachers approach the use of technology. A teacher 
taking a course in other subject areas generally has 
some experience or background in the topic. But 
many teachers, especially those who consider them- 
selves "B.C."— before computers— have not yet 
worked with computers and admit to being "tech- 
nophobic." Others had early negative computer 
training experiences. Sometimes programming was 
emphasized; sometimes the courses tried to cover 
too much, too fast^ and had no relevance to their 
teaching needs. Several factors^^ contribute to a 
teacher's anxiety about computers; they must be 
taken seriously as they underlie whether or not a 
teacher adopts technology and how the teacher uses 
it in the classroom. (See box 5-E.) 



study of teachers and administrators enrolled in a semester-long 
introductory course on computer applications found that for those with 
no prior experience, the decline in anxiety did not appear until after 
some 30 contact hours with the computer. See Gerald Bracey, "Still 
Anxiety Among Educators Over Computers," £/ectron/c Learning, vol. 
7, No. 6, March 1988, p. 20. 

^'See, for example, F. Williams and V. Williams, Microcomputers 
in Elementary Education: Perspectives on Implementation (Belmont, 
CA: Wadsworth Publishing Co., 1984). 
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Photo cndH: PmuI Fol09y; U$t§y Coil0g€ 

For many teachers, especially those who consider themselves "B.C.** (Before Computers), learning to teach with computers 
is a challenge. Sensitive training, time to practice, and support from peers are the best antidotes to computer anxiety. 



Factors Contributing to Effective 
Inservice Computer Education 
Programs 

Studies^^ examining inservice computer educa- 
tion programs have identified several instructional 
practices that contribute to effectiveness. (See box 
5'F.) In conjunction with the Minnesota Technol- 
ogy Demonstration Site Program,^^ part of the 
Minnesota legislature's educational technology ini- 
tiative, a comprehensive review of inservice tech- 
nology training activities was conducted. This evalu- 
ation covered 3 years (1985 to 1987) and involved 



^B.M. Stechcr and R.S. Solorzamo, Characteristics of Effective 
Computer Inservice Programs (Pasadena, CA: Educational Testing Serv- 
ice. 1987). 

^'See D.L. Morehouse et a!., 'Technology'Related Inservice Educa- 
tion Findings, Issues and Recommendations: An Analysis Based on 
Evaluation of Minnesota's Technology Demonstration Program- 
Quality Evaluation and Development,*' a report of the Minnesota De- 
partment of Education, 1987. 



17 technology demonstration sites. Although inser- 
vice activities varied widely across the sites, evalua- 
tors found that there was a progression of inservice- 
technology topics at most sites. These were charac- 
terized as: 

• "Awareness" stage: large group workshops run 
to acquaint teachers with a general overview 
of how technologies work and to alleviate 
anxiety; 

• "Overview" stage: workshops that delivered ad- 
ditional detail on how particular technologies 
work and usually provided examples of the ap- 
plication of technology to particular subject 
matter areas; 

• "Topical" stage: a more focused approach (for 
example, using computers in social studies) with 
fewer participants; 

• "Adoption/implementation" stage: more fo- 
cused with intense work by each participant; 
and 
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• "Integration" stage: characterized by fine tun- 
ing of curriculum materials that use technology 
or guided assistance in integrating certain types 
of technology into a teacher's lesson. 



ERIC 




Teachers reported that they preferred learning 
about technology from other teachers or those who 
understand the settings in which they work (includ- 
ing the limitations and constraints of those settings). 
The teachers said they wanted access to followup 
support, and access to equipment and software dur- 
ing and after the inservice training. Seventy-eight 
percent reported that they participated because they 
were curious, had specifically requested the topic, 
or preferred a technology-related topic to other non- 

■ii9 
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technology inservice courses that were available. 
Nearly 80 percent of the teachers in the study said 
that they had used the training application in their 
classrooms* 

Interviews with technology site directors or dis* 
trict superintendents indicated they believed strongly 
that teachers should be involved in the planning 
of technology inservice activities and that such activ' 
ities must be based on teachers' needs. 

The evaluators concluded that, for inservice edu' 
cation to be a powerful force in moving technology 
into classrooms, it must have a strong practice or 
"hands on" component, must be taught by credi' 
ble sources (most notably other tea'chers), must be 
suited to the competence level of the teachers, must 
include foUowup support and guidance, must be 
sufficiendy long, and should include extensive in* 
struction in the use of computer software tool ap' 
plications. 



State and Local Efforts 

The local school district is the key provider of 
all inservice training for teachers, and this role 
carries over to inservice training in the use of 
technology* Districts use a variety of course pro* 
viders, differing approaches, and ftinding sources. 
Although the State and/or the Federal Government 
may provide some funding for inservice training, the 
district decides who will be trained, how, and where. 
Providers may include local universities, regional re* 
source centers, intermediate school districts, local 
technology departments, hardware companies, soft' 
ware developers, and professional organizations. The 
training can be formal or informal, long term or just 
a few hours, ranging from a full program of studies 
(encompassing a number of courses leading to an 
advanced degree or special certificate), to short 
courses on a particular software tool, attendance at 
a technology conference, or teacher-to-teacher shar- 
ing right in the classroom. The technology can be 
both the focus of training and the training source, 
as happens with electronic bulletin boards, computer 
conferencing, and courses broadcast via satellite 
from distant locations. Local district monies con- 
stitute the principal source of funding, with com- 
mitments of State and Federal resources also tar- 
geted to teacher training activities. 



States play a significant role in furthering the 
effective use of technology. In identifying the chal- 
lenges and issues critical to technology in schools, 
the National Governors' Association recommended: 

. . that at least 10 to 20 percent of State funds 
allocated for acquisition of various machines should 
go for training programs. The task force stiongly 
believes that States must make a greater commit* 
ment to support training programs.'*^ While State 
support has already been a significant factor in the 
growing use of technology, it is likely to be even 
more so in the future. State influence emanates from 
direct and indirect funding, technical assistance, in- 
stitutional arrangements, and regulations or recom- 
mendations. 

OTA's State Educational Technology Survey 
found that 41 States have a Technology Coordina- 
tor or an Office of Technology. Thirty-three States 
and the District of Columbia provide some fund* 
ing for teacher training in technology* This support 
comes from State funds earmarked specifically for 
technology training in over half of these cases, but 
States may also use their general State aid to edu- 
cation, professional development funds, monies fiin- 
neled to regional centers, or training funds which 
the State has received from special Federal programs, 
such as Title II funding for mathematics and science 
teacher training. Chapter 1, Chapter 2, Vocational 
Education, or Special Education monies.**' One 
estimate for State spending for teacher training in 
technology showed an increase from $10 million in 
21 States in 1986 to a total of $25 million in 25 States 
in 1987/' 

In the OTA survey, States reported wide varia- 
tions in funding— from as litde as $20,000 to a high 
of $15 million per year (see appendix A). Most States 
have, however, been unable to allocate the level of 
financial support for teacher training in technology 
that they would prefer. Those which do not directly 
support training from State funds find other ways 
to assist teachers to use technology, as, for exam- 
pie, in their software evaluation centers or State pur^ 
chase plans for hardware and software that make 



*^ational Governors* Association, Center for Policy Research and 
Analysis, Time for Results: The Governors* 1991 Report on EducM' 
tion (Washington. DC: 1986), p. 132. 

yOTA State Educational Technology Survey, 1987. 

'^Electronic Learning, "Educational Technology 1987," vol. 7, No. 
2. October 1987. p. 39. 
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it possible for teachers to purchase materials at re^ 
duced cost. Many States run annual technology con^ 
fcrenccs, while others put on workshops or support 
regional training efforts. California was an early 
initiator of the concept of regional Technology Edu' 
cation Computer (TEC) Centers, to provide a net' 
work of resources for training and te<;hnical assis' 
tance all across the State. California's TEC Centers 
provided a structure for coordinating services and 
resources. Although these centers played a major 
support role, their State funding was eliminated in 
the 1987 budget by the C?overnor. Some TEC 
Centers have continued with reduced funding, most 
of it provided by local districts or other non-State 
support. 

In contrast. New York State's Teacher Resource 
and Computer Training Centers have expanded 
V dramatically. In 1984, the New York State legisla- 
ture created a network of regional teacher resource 
and computer training centers to improve teaching 
skills and train teachers in the educational applica- 
tions of computer technology. Teacher organizations 
have been instrumental in setting up the centers, 
most of which are housed in local schools, and 
teachers chose the special focus on technology train- 
ing. In 1987, the State legislature voted to increase 
funding for the centers from $12.5 million to $15 
million, in order to support the existing 74 centers 
and add 17 new centers. The centers are linked elec- 
tronically, enabling the teachers in one center to 
communicate with teachers in other centers, either 
informally on electronic bulletin boards, or more 
formally in computer conferences organized by the 
teachers on topics of shared concern (for example, 
dropout prevention strategies).'*^ 

Most States recommend that all teachers partici- 
pate in inservice courses on teaching with technol- 
ogy; three require it. (See figure 5-3.) Minnesota re- 
quires that every teacher in the State take at least 
one computer-related course and West Virginia re- 
quires that teachers in certain academic disciples 
take a computer course. In Utah, all current teachers 
must demonstrate the ability to use technology in 
instruction. Other ways to encourage teachers to 
use technology include the unusual approach taken 



^'In addition to the$e centers, many of the State intenr.'^iate units 
and teacher training institutions not funded as teacher resource and 
computer training centers also offer programs of technology training. 



by the State of New Hampshire. The State provided 
1,950 teachers with a personal computer of their own 
to use at home for 3 years. With the computer they 
received software and training to enhance their per- 
sonal productivity. The State is gambling on the fact 
that, as teachers become comfortable with comput- 
ers by using them at home, they will see ways of 
applying them to their teaching and adopt technol- 
ogy as a teaching tool with enthusiasm and a meas- 
ure of expertise. - 

District Activities 

While States play a large and growing role in pro- 
viding inservice technology training, the major 
source of such training is the school district. The 
most consistent professional education experience 
for a teacher is the inservice program sponsored by 
the district. At least once during each year all 
teachers attend some type of inservice workshop on 
a topic of their choosing or of the district's spon- 
sorship. Although considerable resources have been 
allocated to inservice training in technology, it is 
difficult to estimate the overall level of funding sup* 
port since districts may not separate technology 




Some Of the mott,«ff6Ctlv6 teacher training comes 
through support from more experienced teachers in 
Informal sessions where new strategies can be practiced 
before use in the classroom, as seen here at the Packer 
School, Brooklyn, New Yoric. 
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Figura 5*3.— Stat* Rtquirtmantt and Raeommandationt for insarvica Tachnology Programs* 
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SOURCE: Ofllct of Tachnology AsMitmant. Stata Educational Tachnology Survey. 1987. 



courses from overall professional development 
support. 

In a scries of OTA case studies^^ of various ap- 
proaches to technology training for teachers, three 
school districts were studied (Houston Independent 
School District in Texas, Albuquerque Public Schools 
in New Mexico, and Jefferson County, Alabama)* 
In each of these districts, teacher training was a cen- 
tral part of the technology implementation plans. 



^For a discussion of seven case studies of Scace, county, district, 
school level, and industry supported teacher training, see John Strange 
et al., "Alternative Approaches to Dcvelo(xng a Cadre of Teacher Tech- 
nologists/' OTA contraaor report, December 1987. 



Regarded as one of the Nation's leading districts 
in educational technology, the Houston Independ- 
ent School District (HISD) established the first De- 
partment of Technology for a local school system 
in 1982. The goal was to assure that all technology 
planning and services to HISD schools would be cen- 
tralized and coordinated* As a part of this broad 
effort, the position of Teacher Technologist was cre- 
ate Each of the 240 teachers who entered the pro* 
gram received 296 hours of technology training con- 
ducted by the department* To qualify for a $2,000 
bonus, they take an additional 30 hours of updated 
training each year* The Teacher Technologists serve 
90 percent of Houston's schools, and spend 60 per- 
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cent of their time in the classroom, teaching the 
StatC'mandated computer course or helping to inte- 
grate technology in other content areas. Additional 
school-wide duties include training other teachers, 
parents, and administrators; running student com- 
puter clubs and other activities; and coordinating 
purchases and allocation of hardware, software, and 
resource materials. The centralized approach to 
Houston's technology program is currently being re- 
evaluated under a new superintendent. HISD's 1986- 
87 technology budget excluding hardware appropri- 
ations was $2.3 million, a 70 percent reduction from 
that of the previous year, when $7.7 million was 
made available. 

Albuquerque adopted a less centralized training 
approach. The district established a partnership with 
two local institutions of higher education to pro- 
vide a 64-hour course sequence for interested teachers. 
The training program. Computing for Teachers, fo- 
cuses on mastery of three core applications: .vord 
processing, database management, and LOGO, with 
emphasis on developing strategies for integrating 
technologies ac/oss the K-12 curriculum. The course 
sequence can be taken for credit at the University 
of New Mexico at the teacher's expense, or at the 
Technical-Vocational Institute, where the fee is paid 
by the district at a cost of $5 per trainee. Both 
courses use the same materials and teachers from 
the Albuquerque Public School staff. Approximately 
75 percent of the teachers in the system have com- 
pleted this computer training cycle. 

The Jefferson County study provided a very differ- 
ent model, involving limited local funding but sub- 
stantial support from local businesses and national 
hardware and software companies. An ambitious 
multimedia training program involved after-school 
workshops and continuing support from the county's 
Office of Staff Development. The goals of the pro- 
gram were to help teachers and students (who were 
allowed to participate in the workshops) incorporate 
a variety of technologies (radio, TV, desktop pub- 
lishing, video, electronic keyboards, and telecom- 
munications) into classroom presentations across a 
range of curricular areas; to provide hands-on ex- 
perience in creating media; and to teach media pro- 
duction as a critical thinking process. Approximately 
100 teachers from 13 county schools participated 
during the 1986-87 school year. All training was con- 
ducted by the program's initiator who received 



$5,000 for the 9-month project from Tide II funds 
commited by the Jefferson County School District. 
Because he volunteered the rest of his time to the 
project, and the teachers attended the training vol- 
untarily on their own time, no other school system 
funding was involved. National and local corporate 
sponsors donated equipment, software, and other 
materials valued at more than $50,000. Other local 
sponsors, such as the Alabama Power Co., contrib- 
uted space and support for multimedia fairs that 
showcase teacher- and student-created materials. 

While these three examples show the range and 
variety of local district approaches, there is no one 
best model which school districts adopt in the scram- 
ble to keep pace with technology. 

Training From Other Sources 

Computer companies, software developers, and 
professional organizations also provide training and 
support for teachers to use computers in their cur- 
riculum. On a more informal basis, classroom teachers 
give each other assistance and support, sometimes 
through informal peer assistance in the school, as 
well as across town or across the continent via the 
technology itself when teachers participate in net- 
working activities such as electronic mail, informa- 
tion sharing via electronic bulletin boards, computer 
conferencing, and subject-oriented workshops. Some- 
times schools even set up systems where students 
with computer expertise tutor teachers. 

Industry Efforts 

Computer companies have a direct economic in- 
terest in training. It makes good business sense to 
instill in teachers a sense of loyalty to a particular 
type of computer. Training efforts therefore are seen 
as one cost of selling computers. 

An early entrant to the training arena was the 
Tandy Corp., which introduced many teachers to 
computers through seminars and workshops in Ra- 
dio Shack outlets* Early efforts reached more than 
400,000 teachers. Tandy currendy offers training 
both at the school site and in Tandy training 
centers, providing custom workshops to meet the 
needs of individual districts or State agencies that 
are working closely with Tandy .'^^ 

^^William Gattis. vice president, Radio Shack Education Division, 
persona! communication, Feb. 22, 1988. 
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One comprehensive effort at computer training 
for educators was the 1984 joint venture between 
the National Computer Training Institute of 
Fremont, California, and IBM to provide training 
on the IBM PC Jr. (See box 5-0.) Particularly far- 
sighted was their concept of giving teachers a com- 
puter of their own for home use, enabling the 
teacher to feel comfortable through gradual mastery, 
and eventually to appreciate the computer as a tool 
that could also be applied at school Many of the 
major computer companies active in the K-IZ market 
have now instituted educators' discount programs. 



IBM has also participated in college and univer- 
sity discount programs by making computers and 
related technology available at reduced prices. As 
noted above, IBM is supporting demonstrations of 
telecommunications networks for student teachers 
(University of Virginia's Teachcr-LINK) and first 
year teachers (Harvard's Graduate School of Edu- 
cation's Beginning Teacher Program). IBM also pro- 
vides implementation workshops for school districts 
that have purchased IBM software, and has con- 
ducted extensive teacher training efforts for districts 
that have implemented the Writing to Read pro- 
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gram. IBM has also provided equipment for use at 
technology demonstration centers, 

Apple has supported teacher training efforts 
through a variety of company policies. To meet the 
needs of districts who want training from a vendor, 
Apple has typically contracted with private corpo- 
rations and consultants to provide teacher work- 
shops. For example, Apple has contracted with the 
Minnesota Education Computing Corp. (MECC) 
'to provide workshops to school districts. This co- 
operative relationship has worked because benefits 
accrue to each of the parties involved. Apple has 
resources to subsidize some of the cost; MECC has 
the expertise to design, and trainers to conduct, the 
workshops; and the district provides facilities and 
release time for the teachers as well as some of the 
tr<4ining cost.'^ 

Computer companies are also supporting educa- 
tion through advisory groups made up of experts 
from education and industry who meet to discuss 
education and technology. For example, Apple's 
Education Advisory Council held a meeting in No- 
vember 1985 focusing on teacher and administra- 
tor training. This was followed in August 1986 by 
a gathering of 90 deans of education schools, direc- 
tors of teacher education, researchers, and indus- 
try experts to discuss technology and teacher edu- 
cation. One of the recommendations stemming from 
the Conference on Technology and Teacher Edu- 
cation—to establish partnerships among universi- 
ties, industry, and schools to respond to the chal- 
lenge of technology in education— has taken root 
in the efforts of several hardware manufacturers. The 
Apple University Consortium, which links 32 in- 
stitutions of higher education for information shar- 
ing and provides large discounts on equipment, has 
been particularly beneficial to schools of education 
as they set up computer laboratories. 

American Telephone and Telegraph (AT&T), a 
recent entry onto the education scene, has devel- 
oped a cooperative relationship with Indiana Uni- 
versity's School of Education. AT&T provides 



^Minnesota Education Computing Corp. estimates that it costs 
$200 to $300 per day, per teacher to conduct its training. School dis- 
tricts at most are willing to pay $100 to $150 per day. Because vendors 
like Apple stand to gain from teachers being trained to use their ma- 
chines, vendors are willing to subsidize *ome of the cost of the train* 
mg, thus reducing costs to the district. Don Rawitsch, Minnesota Edu- 
cation Computing Corp., personal communication, 1987. 



equipment and techriical support for the reconfig- 
uration of the school's technology program. AT&T 
will provide funds for the retraining of the faculty 
and for the development of educational programs 
for both undergraduates and graduates in education. 
This arrangement will give Indiana*s School of Edu- 
cation both the latest technology from AT&T and 
the funding needed to utilize equipment effectively 
in redesigning the curriculum. 

Software Developers Training Efforts 

Education software developers are also interested 
in helping teachers use the technology, especially 
to encourage teachers to use the software soM by 
their own company. This training, too, can take 
many forms. The most basic gives guidance on how 
to use software packages in the curriculum and is 
similar to the printed manuals teachers receive with 
a new textbook series. For example, in a series of 
software packages for simulations based on histori- 
cal and contemporary issues, each program pack- 
age includes a teacher's guide with reproducible ma- 
terials, detailed lesson plans, and individual reference 
books. The materials are designed to help the teacher 
use the simulations in a way that gets the most out 
of the software, while making it easier for the teacher 
to integrate the materials into the curriculum.^^ 

Other software producers make videotapes avail- 
able to assist teachers to use their products. For ex- 
ample. Sunburst Communications has developed 
videotapes to illustrate how a teacher might use its 
products, many of which involve problem solving 
activities and are more complex to use than tradi- 
tional drill and practice programs. The tapes show 
actual classroom applications and provide clues to 
the teacher on how to organize the students and 
how to proceed through the lessons. The materials 
can be used by an individual teacher, by district 
training personnel for group inservice activities, or 
by the software sales representative in providing in- 
service education. 

Some software developers give away free software 
after teachers have attended a course on how to use 
that software in the curriculum. Other developers 
(for example, Mindscape, Inc.) are providing work- 



^'Tom Synder Productions, Cambridge, MA, Decisions Decisions 
Series (Software series, 1986). 
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shops on computer applicarions in content areas (so- 
cial studies, writing, and mathematics), using a va- 
riety of software, not just their own brands. They 
are gambling that, with increased training, teachers 
will become more informed and enthusiastic users 
of computers. This enthusiasm would then pay off 
in increased software sales, including sales of their 
company*s titles. 

As more and more teachers use technology, 
hardware and software companies may want to 
consider joint efforts with State education agen^ 
cies, regional teacher resource providers, and 
universities to develop workable strategies to meet 
the needs of training teachers in emerging tech' 
nology applications. Substantial efforts will be re- 
quired in the short term and over the long term to 
accomplish technology integration across the cur- 
riculum. It is clear that each training provider has 
limited resources; there may be ways to combine 
these resources more efficiently and effectively. 

Informal Training Via 
Computer Networks** 

Elementary and secondary schools are also begin- 
ning to make use of the communications capabil- 
ities of computers for electronic mail, information 
retrieval, and computer conferencing. With an in- 
vestment of $2,000 or less, a school can participate 
in using a network, assuming that the school already 
has a telephone line. Costs vary over time depend- 
ing on the types of activities in which the school 
participates, long-distance charges for hookup, and 
subscriptions to various services. These costs are 
proportional to usage and largely under the con- 
trol of school administrators. 

While State, local, district, and commercial net- 
works are proliferating, it is difficult to estimate how 
many teachers and students use them. Potentially 
thousands of elementary and secondary schools and 
millions of students could engage in jomt activities 
using computer networking. Moreover, teachers and 
administrators could share information across, as 
well as within, the traditional institutional bound- 
aries. This opens up significant new opportunities 
for collaboration, research, and information shar- 
ing. Barriers of geographic isolation, socioeconomic 
status, and physical handicaps can be overcome. 

^For further discussion, see Dowdy, op. cit., footnote 33. 



Electronic networks can help to solve one of the 
most basic problems in K42 teaching: the isola^ 
tion of the classroom teacher. Discussions and 
sharing of curriculum ideas, materials, and meth- 
ods are facilitated by the immediacy of the network. 
For the elementary school teacher in particular, who 
spends all day, every day, in a classroom with chil- 
dren, the opportunity to reach other professionals 
outside the four walls of the classroom can be liber- 
ating and stimulating. Whether the novelty of this 
effect will wear off with experience is debatable; 
nonetheless, it is hard to envision teachers closing 
the windows to a wider world once they have been 
opened through electronic networking. The capa- 
bilities of networks are just beginning to be explored 
by teachers. Box S-H shows an informal computer 
conference initiated by one teacher looking for ideas 
and curriculum support from other teachers, an ex- 
ample of what can be done by innovative teachers 
hooking up via telecommunications. 

Other Informal Sources of Peer Support 

While the modem can connect teachers in differ- 
ent schools, the computer itself can help teachers 
within a school work cooperatively. Perhaps because 
of the computer's novelty, many teachers feel com- 
fortable asking other teachers for help with com- 
puter applications, even though teachers do not so 
readily ask peers for help with normal course work. 

Much is to be gained when teachers open their 
classrooHi doors to the enrichment other teachers 
offer. In some cases, this can be formalized. Over 
a 5-year period, every secondary teacher in Pitts- 
burgh's Schenley High School spends an 8-week 
"sabbatical" working with master teachers at the 
school.'*^ The National Education Association has 
employed the concept of teachers teaming together 
in their new Christa Mc Auliff Institute for Educa- 
tional Pioneering. The 20 teachers chosen for the 
first Institute were selected on the basis of applica- 
tions suggesting uses of new technologies in the class- 
room. Each application had to be submitted by a 
two to four member team, who will work together 
on their proposed technology application at their 
home school. 



^^obert Pearlman, Boston Latin School, Boston, MA, personal 
communication, December 1987. 



126 



114 




POLICY IMPLICATIONS 



Clearly, the teacher is central to full develop- 
ment of technology use in education. Teachers are 
not the problem, and without them there can be 
DO solution. Most teachers want to use technol- 
ogy, but few have found ways to exploit its ftill 



potential. The technology will not be used, and 
certainly not used well, unless teachers are trained 
in the use of the technology, provided goals for 
new applications, supported in doing so, and re- 
warded for their successes in meeting these goals. 
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OTA finds that there are players on many fronts 
who have a stake in providing what teachers need 
now and in the future^ and new technologies 
themselves can become tools for training and 
support* 



Teacher Education: A Place to Begin 

Training in the use of technology will need to be 
a part of the preparation every entry-level teacher 
receives. Several factors explain why this training 
need has not been met: lack of expertise of many 
education school faculty; insufficient and outdated 
technology resources; and incomplete understand- 
ing and attention to how teaching roles may change 
as technology changes the teaching environment. 
Preservice technology support will need to address 
a number of factors. 

Training for Education School Faculty.— 

Courses or workshops can bring college of educa- 
tion faculty up to speed in current applications of 
computer technology in education. Possible spon- 
sors include: Federal agencies, through programs 
such as the Department of Education's Fund for Im- 
provement of Postsecondary Education, or the Na- 
tional Science Foundation; State Departments of 
Education; professional associations such as the 
American Association of Colleges for Teacher Edu- 
cation and the National Council for Accreditation 
of Teacher Education; or industry. 

Equipment.— Because of the costs of maintaining 
up-to-date equipment and software, schools of edu- 
cation will need help from both the private sector 
and the Federal Government. Improved computer 
facilities in schools and colleges of education may 
require Federal support comparable to ongoing Fed- 
eral support for supplying the most up-to-date fa- 
cilities in university science laboratories. In addition, 
special institutional arrangements could be made 
with industry similar to the support provided to 
other academic departments in the university. Just 
as industry has encouraged familiarity with and loy- 
alty to hardware brands and software packages 
among undergraduates and graduates going into sci- 
ence and business, so too will they benefit from sup- 
porting education students^ use of their hardware 
and software as a tool they will expect to use in 
teaching. 



Undergraduate Competencies.— Schools of edu- 
cation need to cooperate with the college or univer- 
sity at large to establish basic levels of technologi- 
cal competencies for students. A substantial portion 
of the undergraduate program for teaching majors 
takes place outside the school of education. There 
may be university resources that can contribute to 
students' understanding and competence with tech- 
nology. At the same time, inappropriate or nega- 
tive experiences with technology can create barriers 
to future use in education. How best to nuture 
computer-using educators can be addressed in a va- 
riety of ways, at different institutions. 

Teaching Internships.— Schools of education and 
the local school systems they serve could work to- 
gether to develop teacher internships on the model 
of teaching hospitals. These settings make it possi- 
ble to test and apply state-of-the-art technologies by 
the new practitioner under assistance of the experi- 
enced teacher. The school provides the real-world 
setting for the prospective teachers, and they in turn 
can bring to the classroom the most up-to-date in- 
formation on educational technologies and their ap- 
plications. Experimental schools could also provide 
research internships for both prospective teachers 
and education researchers. 

Research and Pilot Projects.— Schools of educa- 
tion could be in the forefront of research on how 
to effectively prepare technologically literate teachers 
and how to upgrade their skills. Currently, the re- 
seaich base in teacher technology education is very 
weak. Federal programs can stimulate a wide range 
of activities, targeting funds for various programs 
and areas of the curriculum, for example, science 
and mathematics education, education of at-risk stu- 
dents, and special education. In supporting a num- 
ber of technology demonstrations. States can pro- 
vide incentives for local districts to work directly 
with university educators and private industry. 

Keeping Up With Technology: 
Inservice and Informal Training 

Training in the use of computers and other tech-, 
nologies should be continued throughout a teacher^s 
career. If teachers are to move from the simple use 
of technology to more integrated instructional ap- 
proaches, innovative inservice programs accompa- 
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nied by foUowup support will be needed. Recom- 
mended components include the following: 

Incentives.— A wider range of incentives will be 
needed to encourage teachers to learn about and 
use technology. School boards have traditionally en- 
couraged teachers to gain new skills by providing 
higher pay for advanced degrees. However, more 
than.half of all teachers in primary and secondary 
schools already hold a master's degree or higher, so 
vthis traditional approach will not be enough. Ad- 
ditional incentives could be developed to encourage 
teachers to stretch beyond their current levels of ex- 
pertise or to encourage technologically experienced 
teachers to train their colleagues and provide sup- 
port for them. Extending the teacher-to-teacher con- 
nection is a strategy that could bring dividends on 
all sides. A wide range of options is possible: 

• summer employment; 

• release time during the school day; 

• additional pay for technological expertise; 

• a computer for every teacher to use at home 
or at school; 

• grants for software acquisition for the classroom; 

• sabbaticals with universities, hardware manu- 
facturers, and software developers to conduct 
research or provide advice regarding educa- 
tional applications; 

• paid participation in professional conferences; 
and 

• increased status as master teachers or lead 
teachers in the school, with corresponding au- 
thority and remuneration. 

Incentives are important means of holding trained 
teachers in the school systems that have invested 
in their technology skills. These individuals are in 
* .great demand, and higher paying positions in other 
school systems or in the private sector may drain 
the best teachers if extra support is not provided. 

Communications.— With technology changing 
and expanding rapidly, there is a clear need for the 
Federal Government to assume a broader role in 
disseminating educational technology information 
to teachers across the Nation. Technology can be 
a medium for communications. While a variety of 
computer networks have been set up by some dis- 
tricts or States, none has a national perspective. A 
central clearinghouse or collection of regional net- 
works would be a useful way to disseminate infor- 
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mation about research, models, and innovative or 
advanced approaches to technology use and train- 
ing. Because there is now no central clearinghouse, 
redundancy occurs, common mistakes are repeated, 
and few learn from the work of others. 

School districts can make up-to-date telecommu- 
nications accessible to their staff. Electronic net- 
works could be supported, by installing phone lines 
in classrooms or laboratories, and by subsidizing sub- 
scriptions and connect costs on bulletin board sys- 
tems, databases, and other resources which can keep 
teachers informed and in communication with their 
colleagues and experts around the country. Tele- 
courses and other distance learning options for 
teachers (as well as students) are other mechanisms 

make information available. 

As use of telecommunications networks expands, 
the question of costs will become a critical factor. 
There may be a need to examine ways to subsidize 
or provide reduced rates for educational use. 

Models and Pilot Projects.— The Federal Gov- 
ernment could support projects that are models of 
technology training for States and districts or in- 
stitutions of higher education. Principals of effec- 
tive technology training, at the inservice level es- 
pecially, have been identified and confirmed by 
research. But while these principles seem solid, the 
research base to guide decisionmaking about tech- 
nology training must be expanded. Several educa- 
tional institutions have developed technology edu- 
cation programs that attract teachers from across 
the Nation.^ These efforts provide a rich source of 
expertise for further development. 

Federal Leadership 

The Federal Government, particularly the Depart- 
ment of Education, could provide an important 
leadership role. Technology initiatives begun in the 
early 1980s have all but disappeared. Many of the 
pioneering computer-using educators were originally 
trained through direct Federal support via summer 
institutes or special courses offered by the National 
Science Foundation (NSF) or Department of Edu- 
cation. PrecoUege Teacher Development in Science 
programs were eliminated by the zero funding of the 



^See Lesley College case study in Strange et al.» op. cit., footnote 44. 
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Science Education Directorate (part of NSF) in 1982 
and the elimination of categorical grant programs 
with the Educational Consolidation and Improve* 
ment Act (ECIA) of 1982. Although the Education 
for Economic Security Act (EES A) provides support 
of teacher training in mathematics, science, critical 
foreign languages, a; ^ computer learning, most ef- 
forts have focused v... mathematics and science. 
Teacher efforts at NSF have also focused on appli- 
cations in mathematics and science, leaving human- 
ities teachers without Federal training support. If 
these NSF efforts were expanded to include all types 
of teacher training that utilizes technology, much 
greater funding would be required for the Teacher 
Enhancement Program. 

Yet States and districts continued to support 
teacher training in technology on their own, chan- 
neling their ECIA or EESA block grant funds into 
the purchase of hardware and software and teacher 
training in their applications. They have also pro- 



vided extensive financial support for these activi- 
ties under their State and local operating budgets. 
As a result, there is much activity, but it is highly 
varied in size and scope from State-to-State and 
district-to-district within States. A national need is 
being handled as 16,000 local problems. 

A primary role of the Federal Government can 
be to provide a vision for teachers, encouraging them 
to look beyond today's classroom computer activi' 
ties, small but exciting though the changes may be, 
and to scan the horizon for tomorrow's potential. 
If technology can offer opportunities for fundamen- 
tal changes in how children learn, in how school' 
ing is organized, and how teachers function, it is 
important that this vision be elucidated, not only 
by the hardware manufacturers in double page ad- 
vertisements in popular magazines or on commer- 
cials during the Super Bowl, but by the Federal Gov- 
ernment, including the Secretary of Education. 
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Chapter 6 

Software: Quantity, Quality, 
and the IVIarl<etpldce^ 



INTRODUCTION 



Since its first printed appearance in a technical 
computing journal in 1960, the word software has 
evolved into a familiar part of the English vernacu- 
lar. It is now commonly used for technologies that 
predate computers, as a metaphor to distinguish ma- 
chines from people or their attitudes,^ as well as 
for codified instructions that make the computer's 
electronic circuitry responsive to decisionmakingj 
information gathering, and data processing tasks. 

Because the computer is a technology for collect* 
ing, organizing, analyzitig) and communicating in- 
formation, it might be argued that all software is 
educational.^ Business persons who calculate prof- 
its, losses, and market positions; military analysts 
concerned with logistics; physicians who view three 
dimensional images of the human anatomy; econo- 
metricians who forecast inflation and unemploy- 
ment; writers who create and revise poetry and 
prose; children who use computers at home to play 
chess or Pac Man; cognitive psychologists who at- 
tempt to simulate brain behavior; and research sci- 
entists who model the movement of si batomic par- 
ticles—all can be said to be learning. 

The term educational software, then, which is fast 
entering the popular lexicon, can refer to a broad 



'This chapter is based in part on two OTA contractor reports: W. 
Curtiss Priest, "Educational Technology: Information Networks, Mar* 
kets and Innovation," September 1987; and Ellen Bialo and Jay Sivin, 
"An Analysis of the Scope and Quality of the Current Supply of Educa* 
tional Software and of the Available Sources of Information on Educa* 
tional Software," Sept. 30, 1987. 

^A good example comes from the Observer, which noted that an 
arms agreement had been phrased "in terms of giving the United States 
'software*— a more flexible attitude on the Middle East— in return for 
'hardware*— arms and military equipment." Cited in Suppkmtnt to 
the Oxford English Unguagc Dictionary, vol. 4 (Oxford, England: Ox* 
ford University Press, 1966), p. 333. 

^Scientific American devoted an entire issue to computer software 
and its role in business, science, and medicine, but did not address 
education per sc. SecSc/enr//ic American, vol. 251, No. 3, September 
1984, and especially the article by Alan Kay, pp. 52-59. 



category of programs: generic computational, word 
processing, data management, industrial design, 
games, and communications tools originally de- 
signed for business, science, and industry; training 
programs that are cost-effective supplements or sub- 
stitutes for classroom training in business and the 
military; as well as didactic or instructional programs 
designed expressly for school curricula.^ The last 
category includes a range of materials, from simple 
drill and practice routines and other electronic 
equivalents of the conventional workbook, to so- 
phisticated simulation, problem solving, and tutorial 
software that makes use of artificial intelligence and 
multimedia technologies, to full curricula that theo- 
retically can substitute for teachers.^ 

While the question whether to install computers 
in schools is by now moot, neither the future de- 
velopment and acquisition of appropriate software 
nor the effective use of these learning tools is as cer- 
tain as in other sectors of society. The economic and 
social environment of American public schools is 
fundamentally different from the worlds of business, 
the military, medicine, the arts, and science. Find- 
ing affordable software for schools and finding out 
how best to use it are challenges that must be met 
if technology is to achieve its desired effects. 



niie administrative software that many schools acquire to automate 
scheduling, personnel, and student records clearly plays an important 
role in creating an interactive educational atmosphere, but is beyond 
the scope of this report. 

^OTA has found no evidence of teacher displacement by computers 
and related technologies. However, shortages of teachers in some fields 
and in some parts of the country has spurred interest in the develop- 
ment of comprehensive, interactive curricula. Sec Arthur Melmcd and 
Robert Burnham (eds.). New Information Technology Directions for 
American Education: Improving Science and Mathematics Education 
(Washington, DC: National Science Foundation, December 1987). A 
resurgence in education school enrollments, following two decades of 
sharp decline, may partially offset the predicted teacher shortages. But 
there are still grounds for concern that future requirements will not 
be met. See Joseph Bcrgcr, "Allure of Teaching Reviving; Education 
Schools Rolls Surge," The New York Times, May 6, 1988, p. 1. 
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This chapter takes a close look at educational soft- 
ware's problems and promise, and suggests how the 
Federal Government might help to remedy the former 
and realize the latter. In addition, while educational 
computer software is an important subject in itself. 



this analysis has wider relevance: the challenges edu- 
cators face in using computer software in schools 
are similar to some they already face, or soon will, 
using many other forms of interactive technology. 



FINDINGS 



Quantity, Quality, and Scope 

• There are now over 10,000 available stand-alone 
(floppy disc'based) instructional programs pro- 
duced by about 900 firms. In addition, about a 
dozen ;Tiajor manufacturers specialize in produc- 
ing expensive and elaborate "integrated learning 
systems" (ILSs) that span large segments of the 
elementary and secondary curriculum. 

• The technical quality of most commerically pro- 
duced software is quite good. However, there is 
a general consensus that most software does not 
yet sufiflciently exploit the capacity of the com- 
puter to enhance teaching and learning. 

• It will be difficult to justify the costs of acquiring 
and implementing new interactive learning tools 
unless their software genuinely improves upon 
conventional learning materials. However, inno- 
vative software that departs from familiar teach- 
ing methods, and that may be highly respected 
by computer scientists and educational technol- 
ogists, is not necessarily selected by teachers. Pres- 
sured to raise test scores and meet other perform- 
ance mandates, many teachers prefer software 
that is closely tied to the curriculum; and soft- 
ware publishers can usually strengthen their mar- 
ket position by developing products that are 
linked to textbooks and other familiar instruc- 
tional materials. 

While commercial software publishers are reluc- 
tant to take risks with innovative software, many 
of the available tides are attractive and fun to use, 
even if they are geared toward familiar objectives. 
Even the most rudimentary drill and practice pro- 
grams have been proven effective in raising some 
children's basic quantitative and language skills. 

Many teachers use database, spreadsheet, and 
word processing programs that are not necessarily 
new in concept or design. These programs have 



become powerful new classroom tools and are ap- 
plied in exciting ways to traditional classroom 
activities. 

• Mathematics programs continue to dominate the 
market. Although there have been some increases 
in the availability of software for social studies and 
language arts, at the same time there has been 
a slight decrease in the number of new science 
programs, especially chemistry and physics. 

• In the category of didactic programs, the vast 
majority of ddes aim at basic skills. Software to 
teach "higher order" skilk, such as hypothesis test- 
ing and problem solving, is in much shorter sup- 
ply. Drill and practice software continues to dom- 
inate all subject areas, to the chagrin of many 
educators and educational technologists. 

Market Characteristics 

• Most of the firms that manufacture stand-alone 
educational software are small— the average firm 
has two employees. Even the largest firms have 
an average of only 35 employees. Total annual 
sales in this market were approximately $170 mil- 
lion in 1987. 

• Integrated software that covers entire curicula are 
very expensive to develop. Firms in the ILS mar- 
ket, as distinguished from the stand-alone mar- 
ket had annual sales of roughly $100 million in 
1987. These firms have found that their ability 
to raise venture capital is governed by two main 
factors: evidence that their learning systems can 
achieve positive results on standardized tests, and 
evidence that their systems are cost-effective (that 
they can achieve defined objectives more efficiendy 
than other methods). 

• The demand side of the software market consists 
of thousands of independent school districts with 
varying administrative rules, serving a diverse pop- 
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ularion of school children with differing needs, 
talents, and learning styles. 

• The number of children in a given grade, learn- 
ing a particular subject, represents a small frac- 
tion of the total student population. An even 
smaller proportion have regular access to com- 
puters, a fact that poses a formidable problem to 
software developers and vendors. Teachers, com- 
puter coordinators, and instructional design ex- 
perts are concerned that in trying to serve such 
a fragmented market software publishers will be 
inclined toward increasingly homogeneous and 
less innovative products. 

• While the cost of developing software (especially 
the type marketed on floppy discs) has dropped 
considerably due to advances in programming 
environments and the know-how of program- 
mers, marketing to the educational sector remains 
a costly, sometimes prohibitive factor. 

• The existence of numerous information channels 
makes it difficult for software producers to receive 
clear market signals and to adjust their designs 
accordingly. State and local initiatives to define 



curriculum needs and invite targeted software de- 
velopment have met with mixed results. 

• A limited survey of software publishers indicates 
that the larger concerns are typically both more 
rigid (bureaucratic) and less innovative than 
smaller firms. Evidence of the performance of 
firms of different sizes and market share is mixed 
and inconclusive. 

• The problem of unauthorized copying (piracy) 
continues to undermine investments in new prod- 
uct development, especially among smaller pub^ 
Ushers with little experience in the school market. 

• The principal faaors that will determine the struc- 
ture and quality of the educational software indus- 
try are: high development costs for innovative 
stateK)f'the-art applications; marketing advantages 
that accrue to incumbents in the school market; 
risks associated with idiosynaatic acquisition pol- 
icies and procedures; small demand for subject 
and grade specific products; and the difficulty of 
appropriating the returns to investments in soft- 
ware that is easily copied. 



QUANTITY AND SCOPE OF THE 
EDUCATIONAL SOFTWARE SUPPLY 



When computers were first used for instruction 
in the late- 1950s, software consisted largely of drill 
and practice materials delivered from mainframe 
computers to students working at "dumb" terminals. 
Students could not modify the programs. Since 
then, educational software has come to include 
everything from computer programming languages 
to networked cimulation programs that allow instan- 
taneous international communication of data. 

The companies that manufacture different kinds 
of products face different problems and compete in 
specific markets. The three principal sources of soft- 
ware are suppliers of free-standing floppy disc-based 
programs, manufacturers of ILSs that sometimes 
come bundled with dedicated hardware, and de- 
velopers of public domain and "shareware** prod- 
ucts that are accessible through electronic bulletin 
boards, interest groups, and various cooperative 
organizations. The last group of products are typi- 



cally produced by teachers, students, and computer 
buffs to fill specific curriculum niches that commer- 
cial developers have neglected. It is difficult to esti- 
mate the size of the informal shareware market for 
elementary and secondary school, although a grow- 
ing number of teachers use shareware via electronic 
bulletin boards. In addition, there is considerable 
rickling down to the upper secondary grades of soft- 
ware created for postsecondary environments, much 
of which is distributed by nonprofit organizations 
or by joint commercial arrangements.^ 

integrated Learning Systems: 
The High End of the Software Market 

ILSs are packaged to span part or ail of a curricu- 
lum (for example, fourth to sixth grade arithmetic 

^ne example in higher education is the Apple University Consor* 
tium, which promotes academic software exchange through Kinkos, 
a nationwide chain of photocopying centers. 
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, or K*^ language arts), and typically run on net- 
> worked systems of microcomputers linked to a file' 
^ ' serving micro or minicomputer. Many ILSs are de* 
f signed to run on hardware that is already in the 
^ schools, such as Apple or MS-DOS compatible ma- 
chines, and some ILS manufacturers have become 
' licensed vendors for one or more computer compa- 
nies. Some schools prefer to purchase hardware 
direcdy from manufiaicturers, because of price advan- 
tages; others prefer one-stop shopping and purchase 
» bundled systems from the ILS software developers. 
These systems are usually packaged with curricu- 
lum guides and management tools, and are typically 
geared toward basic skills improvement. They all 
5> claim to . . offer the advantages of using com- 
puters to diagnose, reinforce, and enhance learn- 
ing individually, to monitor student improvement, 
and to produce documented evidence of gains. Most 
companies correlate [software] to district goals, cur- 
' riculum, and standardized tests.**^ 

The appeal of these systems is their comprehen- 
sive coverage: in terms of lesson planning and in- 
tegration of electronic media, they make fewer de- 
mands on teachers than do individual programs that 

tr- treat small sections of the curriculum. ILS developers 
arc aware that the centralized approach may be per- 
ceived as mechanistic and inflexible, so they go to 
great lengths to show that their materials can be 
tailored to individual students* needs and abilities.^ 

- An additional important selling point is the system's 
ability to accommodate other companies* software: 
school personnel who want the option of using pro- 
grams developed by other companies, now or in the 
future, often choose integrated systems that run on 
standard microcomputers. 

Some systems permit students to advance at their 
own pace through a fixed curriculum; others per- 
mit students to move horizontally within subjects, 
for example, to move from a study of the planet 
Earth to the larger solar system, depending on prior 
knowledge and rate of learning. Nevertheless, all 



'Gwcn Solomon, **In An ILS, LANS arc Part of a Larger Teach- 
ing System," £/ecfron/c Lemingt vol. 7, No. 4, January 1988, p. 27. 

^ucgraced learning systems programs are not necessarily li' *iced to 
drill *nd practice: . . one is as likely to find problem solving, simula^ 
tions, and tool software in integrated learning systems as one is to find 
• such programs among the general mix of floppy disk programs. . . 
Arieit Lehrer, "A Network Primen How They're Used . . . and How 
Th«y Could be Used,** ClMssroom Computer Learning, vol. 8, No. 7, 
April 1988, p. 42. 



these systems permit considerably less flexibility than 
generic tools such as word processors and individ- 
ual instructional programs that teachers can apply 
to specific segmeiits of the curriculum. 

Another important faaor is cost. A typical algebra 
course, providing 100 contact hours for the middle 
school grades, can cost upwards of $1 million to de- 
velop. The costs of installing an ILS, including hard- 
ware, software leasing, maintenance, and training, 
can run as high as $100,000 for a laboratory with 
20 or 25 terminals. For a school district this trans- 
lates to multimillion dollar contracts, and therefore 
necessitates a long-term commitment to both the 
netv/ork concept and the particular software.^ 

The companies that manufacture these systems 
include Education Systems Corp,, Wasatch Educa- 
tion Systems, Prescription Learning Corp., Wicat, 
Degem Systems, Houghton Mifflin, and Unisys. 
Their products have been heavily influenced by the 
early experiences of the Computer Curriculum 
Corp. (CCC) and of Control Data Corp. (CDC). 
CCC, under the leadership of Patrick Suppes, a 
noted philosopher and decision scientist, was one 
of the first developers of computer-assisted instruc- 
tion syscems, and has retained a significant market 
share. CDC*s PLATO system, once a pioneer in 
computer-based training, has strived to maintain its 
place in the education market with updated tutoriak 
and drill materials. 

While some firms ePtered this market with sub- 
stantial capital resources (CDC, for example, was 
already a manufacturer of mainframe computers), 
the majority have relied on venture capital. Their 
ability to raise venture capital has been governed 
primarily by two factors: evidence that their learn- 
ing systems can achieve tangible results, usually im* 
proved performance on basic skills tests; and evi- 
dence that their learning systems are cost-effective 
(that schools will choose to purchase those ^/stems 
rather than rely on other strategies to achieve the 
same objectives). Even the smallest firms in this in- 
dustry have had to raise substantial sums (at least 
$5 million), and have devised creative public/pri- 
vate consortia. In one case, private /enture capital 
of about $1.2 million was leveraged to gain com* 
mitments from a consortium of school districts 

^See also ch. 4 for a detailed illustration of the costs of acquiring and 
implementing an integrated learning system. 
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they can also see a microscope view of the molecules, which 
are always moving, illustrating Idnetic energy. 



whose joint participation brought the total funn- 
ing base to about $5 million. A larger firm, which 
was able to raise over $20 million in the same 
amount of time, has moved more rapidly in the de- 
velopment and production of more comprehensive 
systems. 

The grade span of the courseware, as well as its 
scope, reflects to, some extent the size and capitali- 
zation of the company. Prescription Learning Corp., 
for example, with estimated annual sales of $40 mil- 
lion and with installed laboratories in most of the 
50 States, offers a complete kindergarten-adult cur- 
riculum in basic skills, writing, English as a second 
language, adult education, GED preparation, and 
vocational education*^® Smaller and newer entrants 
in this market have necessarily focused their efforts 
on smaller segments of the curriculum, such as 
fourth to sixth grade reading or junior high school 
mathematics. 



The-Low-Priced-Market: 
Stand-Alone Software 



The alternative to networked and integrated learn- 
ing systems is the use of floppy disc-based programs 
that typically cost under $50 and address specific 
topics or concepts rather than an entire curricu- 
lum." There are now over 10,000 such software ti- 
tles available, covering the major school subjects and 
many of the minor subjects, produced by an esti- 
mated 900 firms^ In the general software market, 85 
percent of sales are accounted for by less that 20 
percent of firms; in educational software, the top 
25 firms account for about 65 percent of sales, with 
average sales of $4 million^ The average firm in this 
segment of the educational software industry has 
less than 2 full-time employees, and even the top 
25 firms are relatively small, averaging about 35 em- 
ployees. 

The amount of money spent by schools on educa- 
tional software, about $170 million in 1987 accord- 
ing to the Software Publishers Association, repre- 
sents a tiny fraction of total 1986-87 expenditures 



'^Solomon, op. cit., footnote 7. 

"Most integrated learning systems run on computers that can ac- 
commodate individual floppy disc-based programs as well; but the typical 
free-standing microcomputer found m American schools, e.g., the Apple 
H-c, does not have sufficient memory capacity to handle integrated soft- 
ware,systems. 
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on elementary and secondary schools: it is approx- 
imately 6.1 percent, or about $1 in $800. Assum- 
ing roughly 40 million public school students, the 
average outlay for software in 1987 was about $4.25 
per student; out of a total of about $35 per student 
on all instructional materials (including books). 

Firm Size and Innovation 

Firms in this market vary significantly by size and 
organizational structure, and employ different pro- 
duction and sales strategies. In addition, interviews 
conducted with 10 educational software companies 
revealed a range of attitudes about important issues 
•facing this industry, From discussions with the 
chief executive officers, marketing ,vice presidents, 
or product development managers at the firms cho- 
sen for this.survey, OTA found that the largest firms 
are typically the most bureaucratic, as might be ex- 
pected. These firms also appear to be less innova- 
tive than smaller ones, an impression which is con- 
sistent with findings on a wide range of industries 
iri^^the^^United^States arid abroad:'^^ The three 
largest firms in the sample, with annual sales in the 
.range of $25 million to $3.6 billion, were found to 
be relatively noninnovative. In fact, small firms be- 
lieved that scale advantages of their larger compet- 
itors did not result in better products or greater mar- 
ket power. 

However, some of the most important new soft- 
ware ideas have been successfully commercialized 
by large firms, which means that size alone is a poor 
predictor of innovative capacity. Firms use differ- 
ent methods to generate new ideas and update, their 
product lines. In some, current or former educators 
are on the full-time staff; in others, teachers are paid 
royalties firom sales of software they have designed 
or written. Another approach is to rely on infor- 
mation from dealers, from the sales force, and from 
direct contact with teachers. In addition, profes- 
sional journals, national computer exhibits and con- 
ferences, and regional conventions are cited as im- 
portant sources of innovative ideas. Hardware 
suppliers were never mentioned as sources for soft- 
ware innovations. It is difficult to assess the research 
and development efforts of firms in this industry, 

"For methodological detail about these interviews, sec Priest, op. 
cit., footnote 1. 

^'Morton Kamien and Nancy Schwartz, Market Structure and In- 
novation (Cambridge, England: Cambridge University Press, 1982). 



especially because the smaller ones tend not to dis- 
tinguish expenditures on these activities firom other 
business expenses. 

Small firms in this sample did not perceive a 
greater threat from unauthorized copying than the 
larger firms,. Advances in copy protection and dedi- 
cation to providing new learning tools for children 
were the reasons mentioned for not being overly 
concerned with unauthorized duplicadon. It should 
be noted, however, that copying continues to pre- 
occupy industry associations as well as many pub- 
lishers, who have issued strident calls for increased 
copyright protection. At least one small educational 
software publisher has c^ed for a governmental ban 
on the sale of disc-copying technology;" and con- 
troversial copyright infringement lawsuits continue 
to occupy headlines in the computing and general 
press.'^ 

The Analogy to Textbooks 

Many.of.the largest .firms, that^upply educational ^ 
software are textbook publishers that have entered 
the software business hoping to capitalize on their 
expertise in marketing to schools. As a result, they 
are inclined toward strategies that work well in the 
book business but that may inhibit software inno- 
vation. By linking computer products to textbooks— 
both their own and competitors —these companies 
are further solidifying the curricula that some edu- 
cators are attempting to reform. Textbook compa- 
nies argue that products with recognizable curricu- 
lar goals will be attractive to teachers, who will 
therefore be more willing to promote expanded use 
and innovative applications of the technologies in 
the classroom. But textbook publishers have not al- 
ways been successful in the software market. Sales 
representatives who usually work on a commission 
basis can make more money by concentrating on 
book orders, which are much larger than software 
orders. (This is what is meant by fragmented de- 
mand for software, and is a function of the relatively 
small amount of time most students spend with com- 

"Dwight Johnson, The Home School, San Diego, CA, in U.S. 
Congress, Office of Technology Assessment, "Transcript of 
Proccedings-OTA Workshop on the Educational Software Market," 
unpublished typescript, Aug. 6, 1987. 

"Sec Richard M. Lucash, "Look and Feel Lawsuits," High Technol- 
ogy Business, October 1987, p. 17; and Katherinc M. Hafner and 
Richard Brandt, "Docs This Lawsuit Compute for Apple?" Business 
Week, Apr. 4, 1988, p. 32. 



putersO As a result, some companies have tried to 
separate their book and software divisions, but in 
so doing have sacrificed economies of scope (see box 
6-A)^ 

Some of the most successful software publishers 
are not in the book business, but are subject to the 
same types of political and market forces that have 
shaped the textbook industry (see boxes 6-B and 
6-C). Growing concern with the quality and diver- 
sity of that industry's products, coupled with wide 
agreement that innovation is crucial for interactive 
technologies to achieve their desired effects in edu- 
cation, has spurred interest in the analogy between 
the textbook and computer software markets. 

The principal criticism of American textbooks is 
leveled not against book publishers, but rather 
against the system and environment in which they 
operate: "The source of the writing problem is not 
in the publishing house, but in the public agency. 
Legislators, educational policymakers, and admin- 
istrative regulato rs hav e unintent ionally drained the 



life out of children's textbooks*"*^ This criticism is 
consistent with other analyses conducted over the 
past decade. In 1978, the textbook market was de- 
scribed thus: 

A planner setting out to design a system guaran- 
teed to discourage the purchase of innovative in- 
structional materiab would be hard-pressed to im- 
prove on the system for materials selection that is 
followed throughout the country today. Although 
margins for efficacy and diversity do exist, the over- 
whelming preference is for the lowest, least un- 
settling common denominator in instructional ma- 
terials content. This pattern of preference stems 
from a concert of forces. Instructional materials 
selection is an open textured process, inviting and 
accommodating the opinions and decisions of State 
lawmakers. State and local school administrators, 
teachers, parents and students, and the variety of 
organizations into which thty group themselves. 
The feet that current patterns of consumer prefer- 



"Harrict Tyson-Bcmstcin, A Conspiracy of Good Intentions: 
America's Textbook Baxo (Washington, DC: Council for Basic Edu- 
cation, 1988). 



128 




than for books. There is some concern that as in- 
teractive media become more prominent in class- 
rooms, software decisions may become entangled in 
the political forces that have influenced book con- 
tent and quality. 

The analogy between books and software is not 
limited to bureaucratic features. Market forces, even 
in the absence of divergent political interests, play 
a role. First, good ideas for textbook revisions 
quickly become "public goods,'' and their authors 
cannot be sure to recoup development costs. In 



'*The relationship between intellectual property protection and 
returns to innovators, in general but not with specific reference to educa' 
tional technologies, is the subject in David Teece, "Profiting From Tech- 
nological Innovation: Implications for Integration, Collaboration, 
Licensing, and Public Policy," i?esearc/i Policy, vol. 15, 1986, pp. 285- 
305. See also Goldstein, op. cit., footnote 17, for a discussion of copy- 
right and other property rights protections as they impinge on instruc- 
tional materials development. 



ence are formed from so many forces helps to ex- 
plain their persistence and the futility of efforts to 
alter the pattern by altering one or even a handful 
of the elements that form it.^^ 

Developers and publishers of insuuctional soft- 
ware face similar problems in their attempt to satisfy 
the demands of educational consumers. At present, 
however, there appears to be far less political inter- 
vention in software acquisition than in textbook 
adoption. Teachers, parents, children, and adminis- 
trators all have some say, but the selection process 
is typically much less formal and less bureaucratic 

"Paul Goldstein, Changing the American Schoolbook: Law, Po//> 
tics and Technology (Lexington, MAt Lexington Books, 1978), p. 53. 
For a rejoinder see Alexander J. Burke, "Textbook Publishing in Amer> 
ica," The Textbook in American Society, J. Cole and T. Sticht (eds.) 
(Washington, DC: Library of Congress, 1981), p. 47. See also Harriet 
Tyson-Bernstein, *The New Politics of Textbook Adoption," Phi Delta 
Kappan, March 1985; and Frances Fitzgerald, America Revised (Bos* 
'ton: Little Brown, 1979). 
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Box 6-.C.— "Street Vendor Co.^ Inc/' 

For a firm-with only one and one^half-employees, the annual sales volume of $250,000 and the number . 
of software packages prpduced4-80— is surprisingly high. The President of the firm has considerable prior ex- 
perience widivlarge companies, but wanted a greater "sense of service," and, therefore^ created this company 
in4980.^ ^ . . . 

Many of the programs: mar^^ Street Vendor are written by teachers. They cover a wide variety of : 
topics>:frpm:alphabet:stiU to college-level tutorials. Outside authors are attracted to 

SWeet^Vcndpr by A^^^ (IS percent of sales, net of discounts and freight charges)^ ; 

afnd fc^nd/qiiicl^^^ , - . 

JPrpducte.«e no^ but teachers and students seem receptive nqnc-cheless. To 

avoicl the cata^ coiise^ucnces of a *^ig mB^ke,** projects are kept small and manageable; the ones that, 
do not scem: to work arcidropiiibd ^qu is a problem that this firm cannot solve; besidfK copy, protect- 

ing some preview d problem. A central concern: is ; that ^: 

teachen who see^i^^^ increasingly prefer femiU^^ ] 

resents haying ,to:cbmpctc wim companies that started but under Stai^e, auspices and who, therefore^ enjoy sig- s 
:nificant;f(ahd::urifc 

Strcdt. Ycndqr perceives the market.as reasonably strong, but weaker than some years ago. If the President : 
were interestedlh mofe.profit, rather than in the entrepreheurship of owning and managing his own firm, he 
says he would, go into the b^^^^^ . ' 

SOURCES: OTA Interviews with software publishers; and W. Curttss Priest, "Educational Technology: Information Networks, Markets and Innovation," : 
OTA contractor report, September 1987. The name of the company has been changed to preserve confidentiality. i 



addition, there is a strong economic rationale for 
producing books and software that are familiar to 
consumers, rather than attempting to gain market 
share by introducing a truly differentiated product. 
Together these factors create a disincentive to [n^ 
novate. 

As instructive as these comparisons may be, there 
are important differences between books and soft' 
ware that should also be taken into account. First, 
as suggested above, the reason so many people are 
involved in decisions about books is because of their 
content. Most instructional software, on the other 
hand, even the didactic kind, focuses on learning 
processeSy about which there may be less ideologic 
cal controversy. Even programs that are closely 
linked to existing textbooks do not simply translate 
the material found in those books into electronic 
screen images but rather provide supplementary drill 
and exercises. Second, some of the most popular 
software programs in the schools are generic word 
processors, database management systems, and 
spreadsheets. These programs are completely neutral 
in content, and are not likely to arouse conflict be- 
tween parents, school boards, teachers, and legis- 
lators. The strength of the analogy between text- 
books and software, therefore, depends in part on 



the balance between generic and content-specific 
(and value-laden) materials adopted by teachers and 
schools, and in part on the perceived impact of the 
technology upon local curriculum planning.'^ 

Scope of Instructional Software 

OTA analyzed several comprehensive educational 
software databases to characterise the quantity and 
coverage of educational software products.^^ As 
shown in table 6-1, mathematics, science, English, 
reading, and social studies account for the greatest 
share of these products. Publishers of educational 
software are influenced by their perception of the 
subject areas that comprise most of the instructional 



'''Local curriculum planning and school management, and tlie de- 
gree of teacher autonomy in the classroom, are critical issues in Amer- 
ican education policy, with implications for educational software. Some 
reformers advocate greater teacher (and parent) participation in school 
decisionmaking, along with other initntivcs to enhance the professional 
status of teaching. Generic software that provides teachers with in- 
creased opportunities is compatible with this general strategy of reform. 
However, others question whether a sufficient proportion of teachers 
currently are able and willing to work effectively with open-ended ma- 
terials. It is clear that the relationship between expanded individual 
choice and quality control should be a central criterion in the design 
of appropriate software. 

^^Biaio and Sivin, op. cit., footnote 1. 
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Table 6«1.- Distribution of Educational Software 
Programs by Subject (N-7,325) 

Percent of Number of 

, programs* programs* 

Comprehensive 6 427 

Computers ^ 5 331 

EnQlish/language arts 12 894 

Foreign language 5 355 

Mathematics 27 1,971 

Reading 12 ^869 

Science 16 1,148 

Social science 8 565 

Q^^g"^ 18 1,329 

*rhe turn of tht pfogramt it STMtar than N btcauM some pr^ 
to mora than ona sub|act category. Accordingiy, the total of the percentages 
J» gijater than 100 percent. All percentages were rounM to the nearest unit. 
PT^ other category comt>ines 13 subjects (agriculture, aviation, business, driver 
education, early learning/preschool, fine arts, guidance, health, home econom* 
lea, industrial arts, library sWIls, iogic/problem solving, and physical education, 
each of which accounts for less than 4 percent of the total number of programs. 
SOURCE: Office of Technology Assessment, based on analysis of data In the 
Eoucatlonal Products information Exchange, July 1987, 



day, as well as by their perception of teachers' 
preferences. 

For example, within the general category of read- 
ing, there are more programs in vocabulary and 
comprehension than in decoding skills (see table 
6-2); and in mathematics the majority of software 
titles aim at basic skills (see table 6-3). A strong in- 
dicator of suppliers' attempts to satisfy school de- 
mand is the variation by grade range. As shown in 
table 6-4, most of the kindergarten software is in- 
tended for reading, mathematics, and preschool 
skills taught at'this level. In the higher grades, the 
distribution shifts, with less emphasis on reading and 
gradually increasing emphasis on science programs. 
In general, the higher grades are served by a greater 
variety of subjects, including foreign language and 
business. 



Tabh 6-2.-.Distribution of Reading Software by Area 
(N»869) 

Percent of Number of 

programs^ programs^ 

Comprehension skills 24 210 

Decoding skills 10 87 

Reading in content areas 6 54 

Reading readiness 20 174 

Vocabulary ; 38 333 

*rhe surn of the programs is less than N becsuse some programs would not fit 
!!D!o^ c^«0Ories. Accordingly the total of the percentages Is less than 

100%. All percentages were rounded to the nearest unit. 

SOURCE; Office of Technology Assessment, based on analysis of data in the 
Educational Products Informstion Exchange, July 1987. 



Table 6*3.-Distribution of Mathematics Software 
by Area (N=-1971) 

Percent of Number of 

programs* programs* 

Basic skills 72 1 425 

Algebra 10 '201 

Geometry e 123 

O^her^ 11 225 

«The sum of the programs Is greater than N because some programs were as- 
signed to more than one area category. The total of the percentagea is still equal 
J0 100 percent, since all percentages wtre rounded to the nearest unit. 
T.* S?ff ^""^ ? *^ (tnalysls, calculus, consumer mathemst- 

M^fferentW e:;u4tlons.finlte mathematics, general mathematics, number 
theory, probablllty statistks, and trigonometry), each of which accounts for less 
than 4 percent of the total number of programs. 

SOURCE: Office r? Technology Assessment, based on analysis of dsta In the 
Educational Products Informstion Exchange, July 1967. 



Table 6-5 gives an estimate of the "fit" between 
software availability and amount of time in the 
school day allocated to the corresponding subjects. 
For the junior and senior high school grades, the 
fit is strongest for mathematics and communications 
(which includes English/language arts and reading), 
with some apparent discrepancies for social and nat- 
ural sciences and the fine arts. 

The discrepancies (which seem to be more pro- 
nounced at the junior high level) point to another 
factor influencing the quantity and scope of soft- 
ware. Developers are influenced not only by their 
understanding of curriculum scope and sequencing, 
but also by their ability to apply stace-of-the-art pro- 
gramming and design techniques to different instruc- 
tional areas. It is clear, for example, that the earli- 
est applications of computers— in all fields— were in 
computing: performing arithmetic operations that 
would otherwise have taken countless human hours 
to complete. With this head start, it is not surpris- 
ing that much of the early educational software en- 
abled teachers and students to work on basic com- 
putational skills (such as adding and subtracting) 
through a variety of electronic versions of work- 
books, flash cards, and other routinized functions. 
Mathematics programs continue to dominate the 
market, although there have been some slight in- 
creases in the availability of software titles for so- 
cial studies and language arts. In fact, one of the 
most popular programs {Where in the World is Car- 
men Sandiego? published by Broderbund), is used 
to teach geography, a subject which has also at- 
tracted the attention of developers working in in- 
teractive video. 
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Table Distribution of Educational Software by Subject Area 
and Grade Range (N»7,325) « 



Grade range 
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398 
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Other* 


1% 


2% 


3% 


5% 


7% 




1 


40 


116 


208 


357 




. 621 


1,946 


3,496 


3,919 


4,923 



*?»rc»ntaods (rounded to the nearest whole number) refer to column totals. For example, of a total of 621 programs Intended 
for use In kinderoarten, 31 percent were In reading. Below each percentage Is the number of programs In a given subject 
Intended for that grade range. Total programs are greater than 7,325, because programs can be classified In more than one 
grade range. 

^"Other" combines agriculture, aviation, driver education, guidance, health. Industrial arts. Horary sidlls, and physical educa* 
tlon, each of which accounts for less than 4 percent of the total programs In each grade range. 

SOURCE: Office of Technology Assessment, bAsed on analysis of data In the Educational Products Information Exchange, 
July 1987. 



Table 6-5.— Curriculum Requirements and Available Software: Middle and High Schools 



Middle schools High schools 

Availability Availability 
Time^pent^ of software^ Time spent of software 



Communication skills High High High High 

Social science High Moderate High Moderate 

Mathematics High High High High 

Science High Moderate Moderate Moderate 

Fine arts — Moderate Low ^ ^ 



*The proportion of time spent on any given subject ranges from less thAO 1 percent to 18 percent In grades 7 and 8, and from 1 percent to 2o percent In grudes 9*12. 
Subjects accounting for 13*18 percent are rated **Hlgh,** subjects accounting for 7*12 percent are rated "Moderate." 

^he proportion of available software for any given subject ranges from less t).an 1 percent to 23 percent for the middle grades, and from less than 1 percent to 24 
percent for the high school grades. "High," "Moderate," and Low,*' respectivaly, refer to subjects that account for 17 to 24 percent, 9 to 16 percent, and less than 
9 percent of available titles, fc * '''e middlti grades; and to subjects that account for 16 to 23 percent, 8 to 15 percent, and below 15 peicent, for the high school grades. 

^Not included In grades 9-12. 

SOURCES: For time spent, data from Departments of Edjcatlon In eight States; for availabiilty of software, Educational Products Information Exchange, July 1987. 

For methodology of classification used In this table see Ellen Blalo and Jayu SIvIn, "An Analysis of the Scope and Quality of the Current Supply of Educa- 
tional Software and of the Available Sources of Information on Educational Software," OTA contractor report, Sept. 30, 1987. 
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At the same time, the number of new science pro- 
grams, especially in chemistry and physics, has de- 
creased (see figure 6-1), to the disappointment of 
many educational technologists who are concerned 
about the state of science teaching in the United 
States. The reason for this decline is difficult to 
establish. However, one explanation may be that 
many of the early science programs were quickly 
found to be wanting, especially in comparison with 
the new "microcomputer-based laboratories," and 
were discontinued. At the same time, high devel- 
opment costs have prevented all but a few players 
from entering this field. The net result is fewer, but 
generally more sophisticated, programs. 

The importance of perceived teacher demand and 
technical ability in shaping the scope and quantity 

Figure 6*1 .—Trends in Avaiiabiiity of Software for 
Major Subject Areas* 
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*0o«8 not lnclud« programs In subjects such as problem solving, fine arts, for^ 
•Ign language, or buslnass. 

°includas only those programs In the database, that specify a copyright date 
(3,656 programs). No copyright Information Is available for approximately half 
of the programs in the database. 

SOURCE: Office of Technology Assessment, based on contractor's analysis of 
data in the Educational Products Information Exchange, July 1967. 



of software is demonstrated by statistics on the type 
of software available on the market. As shown in 
table 6-6, the vast majority of titles provide drill, 
skills practice, and tutorials. Software to develop 
so-called "higher order thinking skills,*' such as 
hypothesis testing and concept development, is in 
thin supply. In addition, as shown in table 6-7, drill, 
practice, and tutorial software continues to domi- 
nate all subject areas, to the chagrin of many edu- 
cators and educational technologists. The fact that 
teachers have often preferred this type of software, 
which is typically closely linked to curriculum se- 
quences and/or to texts or other instructional ma- 
terials, suggests that the market responds well to de- 
mand signals, but also points to a fundamental 
predicament; products that are liighly rated by "ex- 
perts" because they represent the most innovative 
uses are not necessarily the ones preferred by most 
teachers.^* 

School Uses of Noninstructional 
Software 

Many software products purchased for school use 
were originally developed for other applications. The 
home market, for example, has influenced the types 
of software acquired by schools." Some educators 



^'This issue was discussed at length by participants at the "OTA 
Workshop on the Educational Software Market," op. cit., footnote 14. 

"Use of "home" products in schools, and vice versa, makes it diffi- 
cult to calculate educational software sales and other market statistics 
with precision. 



Table 6-6.— Distribution of Educationai Software 
by Type (N =7,325) 

Percent of Number of 
programs^ programs* 

Rote drill 15 1,107 

Skills practice 51 3,708 

Tutorial 33 2,447 

Concept demonstration 3 216 

Concept development 4 270 

Hypothesis testing 1 91 

Educational games 19 1,425 

Simulations 9 669 

Tool programs ^ 11 807 

^he sum of the programs is greater than N because some programs wer« as* 
signed to more than one category. Accordingly, the total of the percentages 
Is greater than 100 percent. All percentages were rounded to the nearest unit. 

SOURCE: Office of Technology Assessment, based on analysis of data in the 
Educational Products information Exchange. July 1967. 
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Table 6«7.*-Distribution of Major Subject Software by Type 



Program type 

Rote Skills Concept Concept Hypothesis Educational Subject 

Subject drill practice Tutor demonstration development testing games Simulations T ools total 

Engtish/lanugage 

arts 26% 72% 36% 0% 1% 0% 24% 0% 6% 

229 640 318 1 13 1 216 2 58 894 

Mathematics 9% 55% 28% 2% 3% 0% 13% 3% 5% 

166 1,089 550 49 61 0 264 52 94 1,971 

Reading 25% 74% 24% 0% 1% 0% 29% 0% 2% 

215 645 207 0 12 0 253 4 16 869 

Science 9% 37% 45% 8% 6% 1% 12% 32% 8% 

107 424 514 88 70 12 140 365 89 1,148 

Social science 18% 32% 37% 4% 7% 2% 32% 21% 4% 

100 182 209 25 37 13 183 119 24 565 

NOTE: Each row givtt p«rcentag«t (roun4«d) of til programs in « subject area that are of a given type. For example. 55 percent of all mathematics programs were 
in the **%k\\\% practice*' category. Below each percentage Is the number of programs in « subject and category. Rows sum to more than 100 percent of the total 
for each subject because programs can be classified in more than one type. 

SOURCE: Office of Technology Assessment, based on analysis of data In the Educational Products Information Exchange, July 1887. 



are skeptical about games, while others recognize 
their potential educational value. Similarly, software 
originally developed for the business environment 
has also become enormously popular among teach- 
ers, children, and parents alike. Word processing 
programs, for example, have become a staple of writ- 
ing classes; some have been customized to allow for 
illustrated story composition and other activities 
appropriate to primary and secondary grades. A 
best-selling software product on the educational mar- 
ket today is an integrated word processing, database 
management, and spreadsheet utility. The success 
of this program suggests that many teachers prefer 
generic materials that improve the way children ap- 
proach, many different subjects over didactic , pro- 
grams that provide specific lessons. This type of soft- 
ware also appeals to parents who want their children 
to be prepared for a world of work that depends 
on similar interactive technologies. 




PffotocnmSehoMeSoftwan 

Teachers use word processing software such as the 
Bank Stmt Writer to help students improve their 
writing sl<ills, teaching them to analyze and revise 
drafts until they have expressed themselves as clearly 
as possible. 



EVALUATION AND ACQUISITION OF EDUCATIONAL SOFTWARE 



Effects of Local Public 
Decisionmaking 

Forty million children are now enrolled in over 
81,000 U.S. public elementary and secondary schools 
located in close to 16,000 public school districts. On 
a typical school day, over 2 million teachers work 
with many types of instructional materials to teach 
a wide variety of behavioral, intellectual, and so- 



cial skills. The different needs and abilities of school 
children and their teachers, coupled with deeply 
held beliefs in universal access and local financing 
and decisionmaking, have gained for the American 
school system a reputation for participation and 
diversity that is unmatched anywhere in the world. 
This feature of Our public school system is some- 
times overlooked, especitilly by advocates of reform 
who focus on the ubiquitous classroom in which stu- 
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' dents passively digest facts and figures as they ema- 
. nate from the mouth of the teacher.^^ 

One of the consequences of this long-standii^ his- 
tory of pluralism and local decisionmaking is that 
the way school systems acquire instructional mate- 
rials is highly idiosyncratic. In some States, such as 
New York, there is no central textbook selection 
process. Publishers are guided by Regents examina- 
tions, which define statewide standards, and local 
districts choose books they believe are best suited 
to meeting those standards. In California and Texas, 
on the other hand, the State role in textbook selec- 
tion and acquisition is more dominant. The com- 
bined effects of State policy, local jurisdiction, 
teacher preferences, and parental voice vary widely 
witti respect to software as well. The major textbook 
publishers and suppliers of other instructional ma- 
.terials have an understanding of this market that 
can come only from experience, which gives them 
a potential edge over newcomers. 

In addition to the diversity of acquisition proce- 
dures, there is also considerable variation in how 
school districts gather information about software 
products. To gain fttrther insight into this aspect 
of the complex market in educational software, 
OTA conducted a series of open-ended interviews 
with computer coordinators and other personnel in 
school districts throughout the cquntry.^^ These 
interviews convey the general impression that those 
in^ charge of acquiring .software seek information 
about competing products, that such information 
is avrrllable from many different sources, and that 
the information is fragmented and largely subjec- 
tive. Indeed, the need for information upon which 
teachers and others can base their selections raises 
important policy considerations. (See box 6-D.) 

Evaluation of Software Quality 

Educational software, like other educational re- 
sources, can be criticized or praised on many cri- 

^'For all their superficial similanties» American classrooms are 
remarkably diverse. 'n>ere is considerable variation in children*s achieve- 
ment, and subtle differences ir;. teacher backgrounds and styles have 
been proven to make a difference. Indeed, one of the most frustrating 
conclusions firom years of education policy research is that positive re- 
sults attained in one school are not easily replicated elsewhere by adopt- 
ing the same apparent teaching style or curriculum. While many teachers 
believe they, have found a successful method, most teachers recognize 
that there is no "one best way." See Richard Murnane and Richard 
Nelson, "Production and Innovation When Techniques are Tacit: The 
Case of Education,"/ounia/ ofEconomiz Behavior and Orgamzatioiit 
vol. 5, 1984, pp. 353-373. 
" ^^For methodological detail, sec Priest, op. cit., footnote 1. 
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teria. A first cut at this problem involves the dis- 
tinction between technical quality— does it work? 
how often does the program crash? are the screen 
displays clear?— and its educational quality— do chil- 
dren learn? are they motivated to continue learn- 
ing? Rapid advances in programming experience 
have substantially raised the proportion of techni- 
cally sound products on the market. Yet teachers 
continue to lament those intermittent bugs and 
crashes that disrupt children's learning* Although 




' Photo emOlt: $wii)uf$t Com^^ 

Graphics, animation, and topics children find appealing 
are used In software to make learning feel like a game. 
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Box d^D^^-Information tor Software Decisions: A Sampling 

• The Orange Windsor School district in South Royalton, Vermont, has been designated as the Education 
Resource Center for the entire State. Approximately 15 new software titles come in each week, all of which 
are previewed and evaluated by the same person. A grade of A, B, G, or D is assigned to each product, where 
the maJircnteria are "user friendliness," whether the product livcs up to its stated goals, and whether it is 
a "good'' educational tool. Teachers may visit tiie center and preview new products, for which they are charged 
$1 per day. 

• The principal source of information about software used by the Bedford.City School District in Bedford, 
Ohio, is the Educational Computer Consortium of Ohio. Established in 1981, the Consortium helps teachers, 
administrators, and parents become iamiliar with a wide range of educational technologies and materials. 
It is a noi^rofit consortium, made up of 80 school districts, 7 universities, and 8 other nonprofit organiza- 
tions. The resource center contains more than 100 different software packages and houses a lending library 
with 2-weck borrowing privileges. 

• The Billcrica School District in Billerica, Massachusetts, is part of the 22-membcr Merrimack Educational 
Consortium* This group specializes iri review of software for low achievers. Several thousand software titles 
:are available for preview^ as well as information provided by various software review organiiarions (such as 
::he Educational Products Information Exchange and Digest of Software Reviews). The Consortium also pub- 
lishes a review of resources targeted for adult education, 

• At the Leander Independent School District in Lcander, Texas, the only source of information is descriptions 
and reviews that appear in magazines: the district does not make use of formal evaluations. In addition, the 
computer instruction supervisor from the neighboring district, which is larger, offers advice. Recommenda- 
tions are often made by the high school principal, assisted by a teacher, and sent up to the central district 
office for approval by the assistant superintendent. 

SOURCES: OTA interviews with school district technology personnel; and W. Curtiss Priest, "Educational Technology: Informarion Networks, Markets and 
Innovation," OTA contractor report* September 1987. 



most educators are more concerned with program 
content and educational effects, the costs of tech- 
nical failures should not be underestimated. As the 
Wall Street Journal reported recently: . . corporate 
computer programmers now spend 80 percent of 
their time just repairing the software and updating 
it to keep it running."^^ As educational software 
becomes more and more sophisticated, product relia- 
bility will become an increasingly important factor 
in schools* purchase decisions. 

Evaluating educational effects is far more compli* 
cated than measuring technical quality of software. 
At one extreme, evaluation is done I / academic re- 
searchers who design and conduct various sorts of 
experiments. Unfortunately, few of the studies to 
date have adhered to rigorous norms of scientific 
inquiry (see chapter 3). In addition, these studies 
typically focus on generic software types, rather than 
particular products. At the other extreme are the 
many magazines aimed at the diverse audience of 
computer-using teachers, most of which devote con- 

^^WaU Street Journal "Patching Up Software Occupies Programmers 
and Disables Systems," Jan. 22, 1988, p. L 
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siderable space to software reviews. These reviews 
are invaluable, because they are usually written by 
computer-using teachers or by specialists in particu- 
lar subject areas. But magazines are reluctant to pub- 
' ^h negative reviews, in part for fear of alienating 
potential advertisers; and in selecting which of the 
nearly 2,000 new titles per year they will review, they 
are influenced by publishers' prior track records, 
which introduces a bias against new entrants. 

In addition to magazine reviews and formal aca- 
demic research, the booming educational software 
industry has led to the creation of a number of in- 
dependent product review organizations. Many of 
these are private, nonprofit agencies, supported by 
Stateo, universities, or school districts, individually 
or in consortia. (See boxes 6-E and 6-F for descrip- 
tions of two of the largest public school district and 
State evaluation efforts.) They use a wide range of 
evaluation criteria and methodologies, and serve a 
diverse clientele. Some, such as Educational Prod- 
ucts Information Exchange (EPIE), attempt to in- 
clude in their databases all types of software titles 
(although no evaluation agency catalogs every sin- 
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Box 6«E.— Software Evaluation in New York City 

In crowded offices on the fourth floor of 131 Livingston Street, across the street from the headquarters 
of the New York City Board of Education, a small group in the Division of Computer Information Services 
receive, catalog, and attempt to review almost 300 new educational software produas each month. Their prin* 
cipal objective is to provide some systematic information about these products to a complex and diverse popular 
tion of computer users. With almost 1 million enrolled children, 1,000 schools, including 32 separate school 
districts and 5 high school districts, the New York City school system is larger than many State systems. Last 
year alone. New York City spent over $4 million on software, nearly 3 percent of educational software sales 
nationwide. 

According to Jeffrey Branzburg, a former junior high school mathematics teacher with 15 years experience 
and currently Special Assistant to the Director in the Office of Technology Assistance and Support for the 
City, over 7,000 different titles have been approved for the schools since the review process began in 1982. 
Who- are the reviewers? They, are mostly teachers, assistant principals, and principals, who are "on<aU" for 
after school and weekend-work, and who have some experience and training in software review. All reviewers 
have worked for major review organizations (like the Education Products Information Exchange), or have taken 
collcge'level courses in software evaluation (Teachers* College at Columbia University, Bank Street College of 
Education, and other institutions have begun offering credit^bearing courses in softiware review). 

As Branzburg recognizes: . . software is very subjective, almost like movies* and it's difficult to be scien- 
tific. But we still feel that it*s important to communicate to teachers what their peers* reactions to different 
products are." 

Indeed, New York's highly decentralized system, the result of a bitter struggle that took place in the late- 
1960s, is reflected in their approach to software evaluatJon. Irwin Kaufman, who heads the division, points out 
that while the central board sets standards, districts are encouraged to do their own purchasing depending on 
specific needs: "LOGO might work fine in one school setting, but CAI may be best for another. It would be 
a big mistake to force all the different classes and kids in this system to use the same software." 

Kaufman sees three main tasks for his operation: weed out the software that is racist, sexist, or otherwise 
unacceptable; offer teachers a variety of opporbanities to try out a wide range of software products before using 
them 'in class; and negotiate hard with publishers and distributors for the best prices. ' 

In addition to circulating a printed list of approved tides, the division maintains an on-line database, acces* 
sible via telephone and modem, with current approved titles and brief descriptions; a lending library with a 
large sample of software that teachers can take home; and technical assistance centers located throughout the 
five boroughs where teachers learn about software and sign up for training. 

SOURCE: OTA site visit and interview, 1987. 



gle one), while others have special interests (such 
as software for the learning disabled or the handi- 
capped). The States have also become heavily in- 
volved in their own evaluations (see below). 

OTA finds that among 36 software review orga- 
nizations, including those funded by State or local 
governments and private for-profit and nonprofit 
entities, there is considerable overlap in the defini- 
tion of quality criteria. A complete list of the cri- 
teria includes more than 200 items, the majority of 



which pertain to technical characteristics rather 
than learning effects. (See appendix B.)^* 



'Tlic thccklist approach to software c\ aluation has been challenged 
because products that meet certain technical criteria do not necessarily 
accomplish their educational objectives. Sec Joanne Capper, "Com- 
puters and Learnmg. Do They Work! A Review of Research," OTA 
contractor report, January 1988. For a scientific attempt to specify cri- 
teria for software see T. M alone, 'Toward a Theory of Intrinsically 
Mcdvating Instruction," Co^/)»f/i'cSc/cnce, vol, 4, 1981, which makes 
.1 more formal effort to identify ingredients of effective software. 
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Box e^F,— Software Evaluation in California 

The State of California early on recognized the need to provide systematic information about educational 
software to a vast and complex school system. With over 1,000 public school districts, more than 7,500 schools, 
and close to 4.2 million enrolled students, the stakes are high; allocation of educational resources has always 
been viewed as a high-priority governmental activity. 

Funding from the comprehensive Sute educational reform bill S3. 813 supported a variety of initiatives, 
including the csublishmcnt of the Teacher Education and Computer OTEC) Center Software Library and Clearing- 
house in 1982. The following year, under the leadership of Ann Lathrbp and her staff at the San Mateo County 
Office of Education, representatives firom a number of agencies across the Nation met at the first California 
JEC Center Software Evaluation Forum. The Corwornum that emerged from this meeting has met eadi year 
since, with the principal objective of selecting software titles to be included in the BlacMtionMl Software Preview 
Guide. While California-holds the copyright 9ruhe Quick, participating agencies arc encouraged to make its 
information available to their own local and State audiences. The Guide is intended to assist educators in locat- 
ing software for preview. It is not intended to endorse products for purchase without examination. Thus, the 
underlying principle is to inform educators of their choices and to help them learn about products before adopt- 
ing them for classroom use. 

On another front, the State developed Guidelines for Educational Software in California Schools in 1985, 
designed with two main goals; to suggest criteria for software evaluation and to provide direction to educational 
software developers about State cxpecutions for instructional technologies. 

As a naturftl outgrowth of these Guidelines, the Technology in the Cunriculum (TIC) Projects were com- 
missioned ih 1985. with the following objectives: to establish quality standards and content specifications for 
the production: of software materials that would meet specific curricalar needs; to broaden the scope in order 
to include video programs as well as conventional computer software; and to provide a resource to California 
educators in the selection of appropriate technological mcterials for claj^sroom use. This effort— staffed primarily 
by teams of school teachers— focused at first on six major areas of the curriailum— English/language arts, for- 
eign languap, history/social science, mathematics, science, and visual/performing arts. Resource guides, which 
are updated periodically, include annotated listings of available software programs that are compatible with 
curriculum objectives. 

According to Wendy Harris, who has been instrumental in developing and supporting many of these activi- 
ties during her tenure as Director of Technology in the Superintendent's office: . . the hi^ cost of providing 
the service that the TIC guides represent, as well as the inevitable lag in timely review and distribution of infor- 
mation about new programs via conventional print media, are issues who^ resolution remain a challenge." 

SOURCE: OTA ate visit and interviews, 1987. 



One of the obvious problems of quality evalua- 
tion is that there are many instances of tool soft- 
ware not designed for instructional use that have 
yielded surprisingly good learning and motivational 
results in classrooms. Word processing packages, for 
example, originally designed for home and office use, 
were quickly found to create new and exciting ways 
for children and teachers to write, edit, and pub- 
lish school newspapers. Database programs have 
been applied to science subjects as well as to class- 
room management; spreadsheets have made strong 
tools for teaching basic business subjects; and even 



games have been found to be effective. But many 
educators question the value of some of the more 
popular packages: speaking at a national conference 
of software publishers, one senior marketing execu- 
tive said that . . what we don't need are more 
programs that print invitations and make ban- 
ners. . . In a similar vein, the assistant coordi- 
nator for technology at a large suburban school dis- 
trict has argued that we send children to school 



••Phil Miller, Scholnstic, Inc., speaking at the Tandy/Radio Shack 
Software Publishers Workshop, Fort Worth, TX, April I9S7. 
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• • to read, write, learn how to communicate, learn 
how to develop an argument, and how to get along 
with people," goals that will not be advanced with 
many of the easy and fun programs on the market 
today," 

OTA tried to compare the different formal review 
mechanisms that are designed to help prospective 
teachers and other users. As shown in table 6-9, 
reviews vary as to their emphasis on the following 
criteria: 

• basic program data, i.e., whether a review gives 
intended age and grade range, a clear statement 
of the product's educational goals, type of soft- 
ware (drill, tutorial, simulation); 

• reliability, meaning the independence of the re- 
viewing agency and the extent to which its rat- 
ings are free from promotional considerations; 

• evaluative information, meaning primarily the 
extent to which measurement biases are elim- 
inated; 

• number of programs reviewed; 

• timeliness, measured as the number of months 
that typically pass between a product's release 
and the publication of ah evaluation; and 

^•Charles PhlHpp. Moncgomcry County Schools, MD, in Office of 
Technology Assessment, op. cit., footnote 14. 



• accessibility consideiations, including the orga- 
nization's familiarity, its costs for reviewing 
products, its circulation, and its availability. 

In order to develop a composite statement about 
the quality of educational software, OTA also ag* 
gregated the findings of eight evaluation agencies 
whose criteria and review procedures seemed to pro- 
vide a reasonable estimate of the state of the soft- 
ware supply 

According to data from these agencies, nearly 60 
percent of the reviewed software products are "high 
quality." However, it is important to point out that 
of the roughly 7,300 titles in the EPIE database, only 
21 percent, or about 1,550 titles, were reviewed by 
one or more of the eight agencies. Thus, it is diffi- 
cult to assess what fractioit cf all available software 
would pass muster under the evaluative criteria em- 
ployed by these agencies. Even these selected agen- 
cies can be faulted for not adequately incorporate* 
ing evaluators' field test results, and most reviews 
provide only partial information about implemen- 
tation strategies adopted by teachers. 

More important than these gross aggregates are 
subject area breakdowns. (See table 6-8.) In particu- 

^See Bialo and Sivin, op. cit.» footnote 1. 



Tabto M.— Educational Software TItlas Ravlawad and Racommandad* 



Numbar Number Percent 
Subject reviewed recommended recommended 



Business 35 23 66 

Comprehensive skills 69 53 77 

Computers 58 40 69 

Early learning/preschool 61 25 41 

EngllsManguage arts 169 103 61 

Fine aits 54 ^^ 76 

Foreign language 56 36 64 

Logic/problem solvfng 58 44 76 

Mathematics 457 223 49 

Reading 1S4 100 52 

Science 267 176 66 

Social science 102 73 72 

Other** 90 56 62 



All subjects 1,550^ ^915« 59 



*a«Md on fvaliMllont of •duc«(lon«l toftwiro publithod through July 1967 from tight Mioctod agoncltt: Alborta (Canada) 
Df^maAt of Education. CurHculum Branch Computar CouraawM CtaaririohouM: Connactlcut Spaclil Natworfc for Soft* 
wara Evatuatlon; Educational PreducU InfonnatloA Exchanflt InatHuta; Flodda Cantar for inatructional Computing. High Scopa 
Educational Raaaareh Foundallona: MIcroaift. Northwaat naglonal Laboratory; North Carolina Dapartmant of Public tnatruc* 

Jon. Madia Evaluation Sarvlcaa: Yortc UnivanMty (C«iadi» YESSUS Proiact. 

^Tha Othar catagory eomblnaa nina f ^ublacta (agrtcultura. aviation, drfvar aducation. guidanca. haal!h. homa aconomict. In* 
duatr^d arta. library aU;ta. and phyaical aducation). aach having) laaa than 3$ programa ravlawad. 

^Tha i4im of tha programa In tha ''Numbar ftacommandad'* column and In tha **Numh«. Ravlawad" column la cr^atar f^' 
Nbacauaaaornaprograrna wart aaalgnad to HKxa than onaaubjactcatagory.AUparcai'tagaaw^ to thanaarest* 

SOURCE: Offlct of Ttchnology Aaaaaamant. 1017. 



Table 6*9.-- Educational Software Information Sources: Typology 



Source type 



Independent 
'.evaluation agencies 



Independent 
directories 



Professional journals 



Popular educational 
computing, 
magazines 



Basic program data Evaluation Information 



Advertisements 



Catalogs 



Word of mouth 



Moderately complete 
Reliability: high 



Moderately complete 
Reliability: 
moderate-high 

Moderately complete 
Reliability: high 



Moderately complete 
Reliability: moderate- 
high 



Ranges from 
incomplete to 
moderately 
complete 

Moderately complete 
Reliability: low- 
moderate 

Ranges from 

incomplete to 

complete 
Reliability; low-high 



Always provided 
Level of detail: high 
Field testing: sometimes 
Bias: low 

Always provided 
Level of detail: low 
Field testing: sometimes 
Bias: low^noderate 

Rarely-sometimes 

provided 
Level of detail: 

moderate-high 
Field testing: sometimes 
Bias: low-moderate 

Always provided 
Level of detail: 
moderate-high 
Field testing: sometimes 
Bias: low-moderate 

Scmetlmes provided 
Level of detail: low 
Field testing: rarely 
Bias: high 

Sometimes provided 
Level of detail: low 
Field testing: rarely 
Bias: high 

Always provided 
Level of detail: low-high 
Field testing: sometimes 
Bias: low-high 



Number of Familiarity 

programs Timeliness with source Circulation Cost per year Availability 



50-500 + 6-12 month lag Low-moderate 5,000 or less Ranges from no Low 

charge to $275 



200-7,500 + 3-12 month lag Low 3,000-10,000 $20475 



Low 



10-125+ 8-16 month lag Moderate 5,000-160,000 $i5-$50 Low-moderate 



250-400 2-12 month lag High 45,000-82,000 $16-$24 



200 and up; No lag 
varies widely 



High Varies widely Not applicable 



High 



High 



10-500+ Ranges from High Varies widely No charge Hioh 

no lag to 12- " 
month lag 



Varies widely Lag varies High 
widely 



5-500+ Ranges from no High 
charge to $300+ 



SOURCE: Ellen Blato and Jay Slvln, "An Analysis of the Scope and Quality of the Current 
report, Sept. 30, 1967. 
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lar, the percentage of recommended programs varies 
significandy, from 41 percent in the early learning 
category to 77 percent in the comprehensive cate- 
gory (for example, tools and multipurpose programs). 
Furthermore, among the major subject areas, there 
appears to be an inverse relation between quantity 
and quality: although mathematics programs are the 
most abundant, less than one-half are "high qual- 
ity." Social sciences, which constitute the lowest 
proportion of titles for major subjects (see table 6- 
2), are very well represented in quality terms. Simi- 
larly, new science programs, which have dropped 
in number since 1985, receive relatively good rat- 
ings. Indeed, the overall quality picture seems to be 
improving, especially if one considers changes in the 
percentage of recommended programs since 1985, 
as shown in figure 6-2.^ 

The software of most ILSs is not typically evalu- 
ated by independent review organizations or in the 
professional press because it is too costly to set up 
an entire system and test it in classroom settings. 
EPIE has recently begun to evaluate segments of 
some integrated systems, but their findings are pre- 
liminary. School districts acquiring such systems rely 
primarily on information contained in competitive 
proposals. Proposals contain information on a num- 
ber of factors including correlation of software ma- 
terials with district instructional objectives, cost per 
pupil for various configurations, and examples of 
how the systems have been used in other districts. 
Those charged with evaluating competitive bids may 
also conduct site visits to other school districts that 
are already^ using these systems. 

The opinions of computer-using teachers can be 
useful indicators of software quality. As the penul- 
timate consumers, their views are often the most 
credible, even if their assessments do not conform 
to rigorous methodology. Computer-using teachers 
are usually months ahead of formal reviewing agen- 
cies, who undoubtedly base their choice of which 
products to revie\v at least partly on the suggestion 
of active teachers. 

^otc that the sample of titles that include a copyright date is a 
small fraction of the total, raising questions of inference and generalize 
ability. 



In loosely structured interviews with 12 "leading 
edge" teachers, OTA found that they listed some 
115 "best" programs. Most were characterized as 
"open-ended," allowing students substantial range 
of choices and decisions, and/or allowing the teacher 
considerable latitude to adapt program content to 
the needs of their particular student population. The 
highest percentage of named programs were in the 
"comprehensive" category (multipurpose tools rather 
than structured curriculum-specific software). About 
half the programs named by these select teachers 
were also rated highly by the eight formal evalua- 
tion groups; those not included by these organiza- 
tions were primarily in the tool category (including 
graphics and other utilities), suggesting an impor^ 
tant difference between the opinions of "experts" 
and the opinions of "expert teachers." 



Figure 6-2.— Recommendec' 9oftware Titles Before 
and After l^SS' 
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THE STATES AND SOFTWARE 



According to a 1987 survey by Electronic Learn- 
ing magazine, 37 States operate software preview 
centers and 32 support software evaluation.^^ OTA 
expanded on this survey and obtained responses to 
a detailed questionnaire from all of the 50 States 
and the District of Columbia.^^ State efforts vary. 
Some States coUea and evaluate software independ- 
ently, others are members of consortia, and some 
make available evaluations conducted by nongov- 
ernmental agencies. In Arizona, for example, staff 
from the State Department of Education evaluate 
software under guidelines developed with faculty at 
Arizona State University. Connecticut provides par- 
tial funding for six regional education centers, which 
receive additional support from local districts. These 
centers provide a range of educational services, in- 
cluding software preview. Washington State does 
not evaluate software, but provides curriculum 
guidelines for educators and runs a network of tech- 
nical assistance, training, and preview centers. Cali- 
fornia has been a leader in software review efforts, 
as well as in evaluation and technical assistance {see 
box 

Some States have joined together in collaborative 
evaluation and dissemination efforts. Project Soft- 
ware Evaluation Exchange Dissemination (SEED) is 
coordinated by the Southeastern Eduction Im- 
provement Laboratory. SEED facilitates and coordi- 
nates the evaluation of software for six Southeast- 
ern States (Alabama, Rorida, Georgia, Mississippi, 
North Carolina, and South Carolina). Participat- 
ing States distribute evaluations independently to 
local school districts. Another consortial effort was 
launched in 1983 by the Council of Chief State 
School Ofificers (CCSSO). With ftinding from the 
National Institute of Education, CCSSO provided 
States on-line information about educational tech- 
nology products (including software), gathered data 
about State curriculum requirements, and estab- 



^^Elcctronic learning, "Educational Technology 1987, a Report on 
EVs Seventh Annua! Survey of the States." vol. 7. No. 2. Ortober 1987. 

^^OTA State Educational Technology Survey, 1987. Many States 
provided additional information and supporting documentation. For 
further detail, see app. A. 



lished links between the Federal Government, the 
States, and other organizations involved in educa- 
tional technology. While this project, called the Na- 
tional Technology Leadership Project, was termi' 
nated in 1986 due to lack of funds, CCSSO has 
remained interested in educational technology and 
has been exploring new funding possibilities. 

In addition to these review and evaluation efforts, 
18 States fund or offer technical assistance to in- 
structional software development projects.^^ Project 
IMP AC in Arkansas is a notable example, in which 
a comprehensive effort to match software and basic 
skills has been supported by business and industry 
and coordinated by the State. Project Vision in Ken- 
tucky, a pilot program supported by IBM and tested 
in eight sites, uses videodisc to teach basic mathe- 
matics skills to children in grades K-2. The software 
is based on the Kentucky Essential Skills, and was 
designed by a former teacher working as a technol- 
ogy consultant to the State. Because the software 
is developed in-house, the original cost of $10,000 
per site has been cut to about $6,000. 

One of the more ambitious efforts by a State to 
stimulate quality software development is currently 
underway in California. As already mentioned, one 
of the results of the Technology in the Curriculum 
Projects, started in 1984, was the identification of 
areas in the California curriculum for which there 
was little or no quality software {including video pro- 
gramming). Papers were subsequently commissioned 
to provide recommendations for software develop- 
ment in mathematics, science, history/social science, 
and English/language arts. The State then devel- 
oped a request for proposals, and last year awarded 
development grants for six projects in mathematics, 
science, and history/social science. (Nt inglish/lan- 
guage arts projects were supported, because reviewers 
felt that the proposals were inadequate.) Under the 
terms of the program, publishers of the software re- 
tain the copyright, while the State receives a royalty 



'^e States are Arkansas, California, Connecticut, Delaware, 
Florida, Kentucky, Massachusetts, Minnesota, Nebraska, New York, 
North Carolina, North Dakota, Ohio, Oregon, Pennsylvania, Texas, 
Utah, and West Virginia. 
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Photo cndlt: ScholMSfIc Software 



With an Interactive computer simulation of a frog dissection, students use the computer to probe, snip, remove, 
and examine organs; then they< attempt to replace them In the right order. 



as well as the right to purchase the product at re- 
duced cost. The royalty funds are intended to pro- 
vide seed money for continued State activity. The 
State committed over $1 million to this effort. State 
officials found that despite the State's willingness 
to subsidize upfront development costs, few smali 
developers submitted bids. One explanation is that 
the request for proposals stipulated that developers 
—not the State— would be responsible for market- 



ing, the high costs of which posed a barrier to de- 
velopers who were not already well established in 
the market. In addition. State officials believe that 
States will find it impossible to sustain this type of 
development effort unless they group themselves in 
consortia or receive additional outside funding. The 
cost of developing comprehensive software packages, 
for example, would exceed most States* resources. 



PUBLIC POLICY: ISSUES AND DIRECTIONS 



Assuming there is general agreement that com- 
puters and related technologies can play an impor- 
tant role in enlarging and enriching the school ex- 
periences of children, an overarching public policy 
question becomes how to best stimulate continued 
.production and use of high quality software. Indeed, 
since most of the hardware used by schools is ge- 



neric—computers are multipurpose machines— the 
"educational" part of "educational technology" really 
means software. 

OTA finds a general consensus among dc' 
velopers, publishers, educators, and other users 
that the quality of available educational software 
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is not as high as it might be. Moreover, despite the 
appearance of an active commercial market, the abil- 
ity oi the private sector to continue to produce and 
market innovative programs over the long-run, ^nd 
to ach'*eve the promise of new interactive learning 
tools, is uncertain. 

Capital Limitations 

The current national average of 1 computer per 
30 children represents a small fraction of most school 
budgets. For a medium^sized district with 1,800 en^ 
rolled children, for example, the cost of providing 
60 desktop computers is roughly $90,000, or less 
than 1.5 percent of the average district budget.^ 
Indeed; some school districts that began installing 
interactive technologies in the late 1970s and early 
1980s hardly noticed the expense.^^ 

The problem, however, is that this level of expend* 
iture translates to very limited instructional use of 
the technologies. Most computer^using students still 
spend only about 1 hour per week with the com* 
puter, which means that the demand for software 
is too low to allow most publishers to recoup their 
development and marketing costs. Consider the 
proportion of enrolled students in a given grade who 
study a given subject, and among them, the propor* 
tion with regular access to computers. It is clear that 
software publishers face a severely fragmented de* 
mand that can seldom justify the level of investment 
necessary to create products for those subjects and 
grade levels. 

Property Rights 

In addition to the capital limitations, software in* 
novation is constrained by problems of approprh- 
bility,^ It is difficult (or impossible) for innovators 
to recoup investments in products that become pub- 
lic goods. This is a familiar problem in education 



^*This csrimatc is based on the assumption of $1,500 per computer, 
which may be high, given the possibility of volume discounts. The dis' 
trict budget figure is based on the national average of $3,449 per en- 
rolled child. U.S. Department of Education, Center for Education Sta- 
tistics. Digest of Education Statistics (Washington, DC: 1987). See also 
ch. 6 for a more detailed discussion of costs. 

^'George Ridler, associate superintendent for administration. Prince 
Georges County Public Schools, MD, interview, Feb. 18, 1988. 

^Appropriability is the term used by economists generally for an in- 
vcstor's ability to recoup returns, and specifically in the context of in- 
ventors recouping the development costs of their inventions. 




where, for example, one determinant of the qual* 
ity and diversity of textbooks is the ease with which 
new ideas can be copied.^^ It is also a familiar prob- 
lem in the general software market, where both theft 
of innovation (the idea for a software design or in- 
terface) and unauthorized duplication of discs have 
plagued the industry. 

information Barriers and 
Transaction Costs 

This chapter earlier described various sources of 
information about software, and suggested that de- 
spite a great many available reviews and evaluations, 
purchasers of instructional software often act on im- 
perfect knowledge. (Some would claim that it is the 
overabundance of information that complicates deci- 
sionmaking.) But software consumers are not alone 
in making choices with incomplete information. On 
the supply side, too, design and marketing decisions 
would be considerably more efjficient if producers 
had better market information. One study identi' 
fied four characteristics of the U.S. school system 
that erect barriers to information: informal acquis 
sition decisions by teachers, principals, and parent 
associations which are not necessarily aligned with 
formal mechanisms and funding; adoption processes 
that vary from district to district and State to State; 
the inadequacy of the installed base of hardware 
coupled with the preseiic*^ of many different com- 
putrrs that run different operating systems; and a 
fragmented market with a diverse student popula- 
tion taking many different subjects at different grade 
levels.^ 

The high costs of marketing are perceived as a crit- 
ical problem in the industry. As shown in figure 6-3, 
over half of all software firms responding to a re- 
cent sui*vey cited sales and marketing costs as the 
factor most affecting profitability. Moreover, it is 
important to note that this problem does not af- 
fect all firms equally. Textbook publishers and mul- 
tiproduct firms are least victimized by the complex- 
ities of educational marketing. The former group, 
especially those with substantial market share who 



^^See Goldstein, op. cit., footnote 17. 

^See Henry Levin and Gail Mcister, Stanford University, Center 
for Educational Research at Stanford, "Educational Technology and 
Computers: Promises, Promises, Always Promises,** Project Report No. 
85'AI3, November 1985. 
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Figura 6-3.— Software Publishers' Expectations of 
Factors Affecting Future Profitability 
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SOURCE: Office of Technology Assessment, based on data from TALMIS, 1987. 

have been selling books and other materials to 
schools for a long time, enjoy a significant advan- 
tage because of their sales networks and intimate 
knowledge of local acquisition policies; and even 
these firms must devote a considerable fraction of 
their budgets to marketing. By comparison, new en- 
trants need substantial time to catch up and famil- 
iarize themselves with the best distribution and sales 
channels. The balance sheet of a small software de- 
veloper, shown in table 6-10, illustrates the relatively 
high proportion of total expenses allocated to mar- 
keting. 

Policy Responses 

Federnl policy with respect to educational software 
must be sensitive to the broader context of educa- 
tional achievement: indeed, the great appeal of new 
instructional technologies lies in their potential role 
in raising academic performance. But academic per- 
formance depends on many factors, and not just on 
the level of expenditures on specific instructional 
materials. More computers and more software alone 



ERIC 



Table 6-10.-"Setf-Starter Software Co." 
Income Statement, 1986 

Income: 

Cost of sales $(3,049.88) 

Cost of sales (computer 

equipment) (3,060.00) 

Total cost of sales (6,109.88) 

Total net sales 5,445.89 

Services (Joan) 8,459.49 

Services (David) 1,420.64 

Commissions earned 228.88 

Miscellaneous 1 ,032.52 

Other income and services 11,141.53 

Gross income $ 16,587.42 

Operating expenses: 

Advertlslne $5,171.34 

Accounting and legal 162.00 

Automotive expenses 1,216.12 

Bank charges 151.88 

Electronic communications 95.38 

Depreciation 5,669.10 

Dues and publications 339.67 

Donations 39.50 

Entertainment and promotion . . 396.77 

Insurance... 782.92 

Interest expense 832.88 

Miscellaneous expense 17.27 

Office expense 239.22 

Postage 322.01 

Repairs and rnaintenance 215.97 

Computer ma'ntenance 20.00 

Supplies: general 63.71 

Office supplies 354.87 

Tax and license 214.40 

Telephone 1,292.60 

Travel 770.16 

Gas and electric 143.14 

Water 37.38 

Total expenses $ (18,548.29) 

Marketing expenses as percent 

of total: 49 percent 

Net profit $ (1,960.87) 

NOTE: Items In bold considered marketing expenses. 

SOURCE: Ttiese are actual data from a small software publlstier In California. 
Ttie name has been ctianged to preserve confidentiality. 

are not likely to bring about significant improve- 
ments in children's learning and achievement. De- 
cisions about educational technology generally, and 
software in particular, need to be sensitive to how 
the new tools will affect— and how their use will be 
affected by— the management and organization of 
schools."^^ In this context, OTA finds that the Fed- 



^'An example of an important school organizational issue is "auton- 
omy": the degree to vhich schools are free from external political in- 
fluence, and the degree to which teacher*; are encouraged to pursue 
lesson plans without stringent accountr/oility to governmental author- 
ities. See, for example, John Chubb, "^'//hy the Current Wave of School 
Reform Will Fail," The Public Inten-st, No. 90, winter 1988, p. 36; and 
Carnegie Forum on Education and. the Economy, A Nation Prepared: 
Teachers for the 21st Century ^ Report of the Task Force on Teaching 
as a Profession (New York, NY: 1986). 
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eral Government can respond to problems in the 
educational software market through a set of com- 
plementary strategies, as outlined below. 

Technology Push 

As described earlier, the combination of insuffi- 
cient demand, unauthorized duplication, and theft 
of innovation make investments in new software 
very risky and may ultimately exclude all but the 
largest (or luckiest) players from the market. By sub- 
sidizing development costs, the government could 
improve the calculus of investment and returns, and 
provide partial relief. This "technology-push" strat- 
egy would be expected to result in a greater num- 
ber of developers competing, and in a higher pro- 
pensity to experiment with innovative software 
concepts."*^ 

While the concept of providing Federal monies 
is separate from the question of how to distribute 
those monies, institutional features should not be 
overlooked. The ultimate success of this type of pol- 
icy depends in part on the ability of the ftinding 
agency to judge the quality of project proposals, esti- 
mate their likelihood of commercial success, and al- 
locate resources accordingly. The Federal Govern- 
ment has in the past supported several excellent 
development efforts through the Departments of De- 
fense and Education and the National Science Foun- 
dation (see chapter 7). Although the distinction be- 
tween basic and applied research in educational 
software is frizzy, federally frindecj projects have 
tended toward the former. Most advocates of Fed- 
eral support caution against involvement with prod- 
uct design and development, while they urge a 
steady support of basic research. 

The trade-off implicit in this discussion is between 
the level of frinding and the ability to target the 
frinds effectively. The Federal Government clearly 
has resources and could afford to support the most 
qualified and sophisticated researchers. But it is 
poorly situated to judge the effects of various instruc- 
tional tools on classroom teaching and learning. 

A variation on the Federal technology-push strat- 
egy would involve joint Federal/State nihding. 
Many States have already proven their interest and 
ability to stimulate software development, as dis- 
cussed earlier. TTie principal obstacle standing in 

^Scc also Levin and Mcister, op. cit., footnote 38. 



their way has been fluctuations in frinding, which 
is often subject to changing political climates and 
regional economic shifts."*^ To overcome these ob- 
stacles the Federal Government could partially sub- 
sidize State and local development efforts. Local 
agencies would retain responsibility for curriculum 
definition, identification of software needs, and 
screening of project proposals, and their efforts 
would be backed by the assurance of continued Fed- 
eral support. 

Note, however, that even State-level software de- 
cisions may be insensitive to local needs, and may 
undermine efforts to grant teachers greater auton- 
omy in classroom decisionmaking. Ideally, therefore. 
Federal and State resources could support local or 
school-level software development. This strategy 
necessarily implies a heightened willingness to rec- 
ognize school and classroom idiosyncracies, and to 
appt jach software development through classroom 
trial and error. The underlying idea is to help schools 
and teachers build greater instructional capacity, 
and not to reduce that capacity by mandating soft- 
ware standards from high in the educational bu- 
reaucracy. (The problem with this approach, 
though, is that it does not necessarily overcome frag- 
mented demand.) 

Market Pull 

The complement to technology push is "market 
pull." As explained earlier, a principal cause of frag- 
mented demand for software is the quantity of com- 
puter hardware ir the schools and the degree of uti- 
lization. If more students had more access, it is 
reasonable to expect that more software developers 
vould compete in the market. But the history of 
hardware acquisition by schools and school districts 
offers ample evidence of the power of local frinding 
constraints and annual budget processes. Even the 
impressive growth in the number of schools with 
computers, and the dramatic reduction in the ra- 
tio of students to computers, pale in comparison to 
the rate at which business firms and other organi- 
zations have adopted the new technologies. 

To remedy this aspect of the problem, the Fed- 
eral Government could support the purchase of 



*'Thc recent experiences of Texas and California are illustrative. 
See, for example, LcRoy Finkel, "Obituary: Teacher Education and 
Computer Centers fTECCS): July 1, 1982'July 7, 1987," CUE News- 
letter , vol. 10, No. 1, September 1987. See also app. A. 
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hardware in sufficient quantity to improve software 
developers* chances of recouping their invest- 
ments.'*^ Again, the analogy with industry is illus- 
trative: with office automation both widespread and 
intensive, incentives to software developers have led 
to a viable commercial market/' Here, too, cau- 
tion should be exercised so that Federal support for 
hardware purchase not be perceived as Federal domi- 
nation over hardware choices. 

It is important to emphasize that technology push 
and market pull are complementary strategies. A 
radical increase in hardwan, without assurance of 
appropriate software, would be risky.**^ On the 
other hand. Federal support for software research 
and development (R&JD) coupled with stimulation 
of demand for the outputs of that R&D could be 
mutually reinforcing. 

Portability 

As mentioned previously, an additional compli- 
cation software developers face stems from the in- 
compatibilir/ of various computer operating systems. 
A program written for the Apple line of computers, 
for example, does not work in IBM and MS-DOS 
machines. Thus, if al! schools adoped a standard 
computer, software development costs would de- 
crea:.* significantly. However, the choice of a stand- 
ard might interrupt research and experimentation 
on the hardware side, and might lock schools into 
.systems that meet short-term goals at the expense 
of longer-term progress. 

An alternative is to continue funding research on 
software "portability": standardized codes to make 
programs written in any programming language 
compatible with more than one operating system. 
This issue has been high on the research agenda of 
the Department of Defense, because of incompati- 



"^^TTiis policy is a variation on government procurement as a vehi- 
cle to stimulate demand. 

^'The Frenith experience with Minitel, a highly successful videotex 
system, is a good example of how government purchase of hardware 
leads to a strong private sector supply of software. See» for example, 
U.S. Congress, Office of Technology Assessment, International Com' 
petition in Services, OTA-YTB-^ia (Washington. DC: U.S. Govern- 
ment Prinring Office, July 1987), pp. 172-173; and Steven J. Marcus, 
*The French Videotex Connection,*' Issues in Science and Technol' 
bgy, vol. 4,, No. 1, fall 1987. pp. 108-112. 

♦♦Experience with other instructional technologies, such as film and 
television, suggest how important it is to concentrate on software. See 
for example, Larry Cuban , Teachers and Machines (New York: Co- 
lumbia University Teachers College, 1986). 



bilities between computer-based training systems in 
the various uniformed services."*^ There is a clear 
Federal role in the development of portability: most 
computer manufacturers and software companies do 
not have the resources necessary to support this re- 
search, and none of them have the incentive to in- 
vest individually in a product that will benefit the 
industry as a whole. 

Copyright Enforcement^ 

According to conventional economic analysis, un- 
authorized duplication of computer software (and 
other products that are easilv copied, such as tele- 
vision broadcasts) causes producers to suffer eco- 
nomic loss, creates entry barriers to new developers, 
and threatens the long-run supply of new products. 
Stringent copyright enforcement, on the other hand, 
causes underutilization, because would-be copiers 
who cannot pay the market price for originals forego 
use of the product altogether. Recent extensions to 
the theory of copyright, however, suggest a more 
complex picture,^^ with implications for Federal 
policy toward educational software copyright in- 
fringements. 

The relationship between property rights enforce- 
ment and underutilization is ambiguous. Under 
some conditions increased enforcement does not 
necessarily lead to greater underutilization. For ex- 
ample, if the costs of copying are already close to 
the market price for originals, then strengthening 
enforcement could induce copiers to purchase origi- 
nals rather than forego usage. There is a similar type 
of ambiguity with respect to producers* losses: if in- 
dividuals value originals largely because they can 
be copied— as in the case of taping television broad- 
casts for later viewing— then the prevention of copy- 
ing could lead to reduced demand for originals. 

Enforcement costs are another issue. In addition 
to the expenses of litigation, there is evidence that 



^^Sect for example. Dexter Fletcher, Institute for Defense Analyses, 
"An Approach to Achieving Courseware Portability," internal memo- 
randum, February 1988. 

■^^For a comprehensive treatment of copyright see U.S. Congress, 
Office of Technology Assessment, Intellectual Property Rights in an 
Age of Electronics and Information, OTA'CIT-302 (Washington, DC: 
U.S. Government Printing Office, April 1986). 

'^'See especiallyJan Novos and Michael Waldman, "The Emergence 
of Copying Technologies: What Have We Learned?" Contemporary 
Policy Issues, vol. 5, July 1987, pp. 34-43; and Ian Novos and Michael 
Waldman, *"Yhe Effects of Increased Copyright Protection: An Ana- 
lytic Approachj'Vourna/ of Political Economy, April 1984, pp. 236-246. 
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educational software publishers are reluctant to 
bring lawsuits against schools for fear of losing their 
principal customers (teachers can easily switch to 
other less expensive materials). 

These issues point to the need for greater empiri- 
cal investigation as a basis for government policy. 
OTA finds that the Federal Government could sup- 
port research on these subjects, and could facilitate 
joint efforts by States, publishers, and school per- 
sonnel to arrive at new agreements on software 
duplication and distribution/® 

Firm Size and Market Structure 

It is unlikely that any single policy will solve the 
problem of appropriability and guarantee innova- 
tors sufficient returns to their investments. To some 
extent, this problem is related to questions of firm 
size and market share: larger firms may have greater 
capacity for risk-bearing, but smaller firms may foster 
a greater enthusiasm for creativity.**^ In the ab- 
sence of any magical firm size and. market concen- 
tration ratio, a range of organizational and market 
structures should be allowed to coexist. The gov- 
ernment could monitor shifts in these variables, for 
example, by examining the effects of mergers among 
instructional software publishers; and there should 
be an openness to experimenting with new organiza- 
tional forms, such as joint development ventures and 
research consortia. 

Information 

A combination of actions undertaken by the Fed- 
eral Government can play an important role in al- 
leviating information barriers that impede the soft- 
ware market. To help on the demand side, the 



model currently under consideration by Educom, a consortium 
of colleges and univers»'^''^s participating in academic somvare devel- 
opment, may be a basis oh which to develop effective pricing end dis- 
tribution mechanisms for the K-12 market. \ 
^ ^*rhe^trrde-off is at the core of industrial organization research. S«c 

• Kamicn and Schwartz, op. cit., footnote 13. The authors studied many 

f industries (but not educational technology) and conclude that . . in* 

ventive activity does not typically increase faster with firm size, except 
in the chemical industry . . . [and] research and development activity 
J ... appears to increase with firm size up to a point and level off or 

> decline." Accounting explicidy for the effects of bureaucratic organiza- 

tion leads to the finding that size alone cannot account for innovative 
capacity. See Oliver Williamson, Markets and Hierarchies (New York, 
: , NY: Free Press, 1975); or R. Nelson and S. Winter, "The Schumpeterian 
^ Tradeoff Revisited," American Economic Review^ vol. 72, No. 1 , March 
\ 1982. 



government could consider new efforts to collect and 
review software evaluation data, while supporting 
or incorporating existing State-level efforts and dis- 
seminating that information to school districts and 
user groups. For the supply side, information about 
State curriculum requirements would be particularly 
beneficial to new entrants in the software market. 



Summary of Policy Directions 

A challenge of educational technology is to de- 
vise incentives for the development of innovative 
software while encouraging continued and wide- 
spread use in the schools of new and existing prod- 
ucts. OTA believes the Federal Govei amcnt could: 

• continue to fiind a wide range of basic research 
on learning and interactive software, including 
both advance., laboratory-based research and 
field studies of the effects of various software 
designs in real school situations; 

• provide incentives to the States to subsidize soft- 
ware developers' front-end costs and to iden- 
tify superior software designs for instructional 
use; 

• provide money to States, school districts, and 
schools, independendy or in consortia, to study 
curriculum needs, define goals for interactive 
media, and stimulate demand; 

• discourage the formation of politicized software 
adoption mechanisms that may inhibit inno- 
vation and lead to homogeneity in the software 
supply; 

• provide money to States and school districts for 
the purchase of additional hardware, as a means 
to stimulate new software production; 

• support national and/or regional evaluations 
of software that provide commensurable data 
on program content, process, and measured 
learning effects; 

• support collection and dissemination of data on 
school district acquisition policies and curricu- 
lum requirements; 

• encourage publishers and school officials to craft 
mutually beneficial policies on software dupli- 
cation; and 

• explore innovative alternatives to strict copy- 
right enfb'-cement, including (but not limited to) 
site-licensing and State purchase of copyrights. 
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INTRODUCTION 



American education is at a crucial juncture. The 
demands on schooling in our pluralistic society are 
greater than they have ever been. An increasing per- 
centage of students are educationally at risk, and 
demographic projections make clear that this prob' 
lem will continue to grow. In addition, schools must 
prepare all young people with a new set of skills and 
understandings to assure the Nation's economic 
competidveness. At the same time, technology makes 
it possible to consider real improvements in the 
productivity of both teaching and learning. Taken 
together, these forces could change what is taught, 
when it is taught, how it is taught, and the nature 
of teaching as a profession.* Because of the great 



'Sec U.S. Congress, Office of Technology Assessment, Technology 
and the American Economic Transition: Choices for the Future^ OTA- 
TET-283 (Washington, DC: U.S. Government Printing Office, May 
1988), pp. 47-49. 



promise offered by interactive technologies for 
learning. Congress needs to consider a substantial 
Federal investment in research and development 
(R&D) to exploit more fully the power and po* 
tential of technology for education. 

In the past, education has been at the far end of 
the information technology R6dD pipeline. Ideas 
have taken up to 20 years to move from basic re^ 
search to school application. Although the technol* 
ogy is changing rapidly, current policies inhibit the 
flow of ideas along the continuum from research to 
development, evaluation, and dissemination. Many 
barriers block this flow. They include the absence 
of a coordinated Federal policy, limited and short' 
term funding, erratic political support, and disor* 
ganized R6dD efforts across agencies. As a result, 
many opportunities have been delayed; others may 
have been lost altogether. 



FINDINGS 



• Public education K'12 is a $150 billion a year busi' 
ness. The Federal Government spends not even 
0.1 percent of that amount on research to improve 
it. 

• The Department of Education's $128 million 
share of the $63 billion fiscal year 1988 Federal 
R&D budget ar.ioants to 0.2 percent of all Fed- 
eral R&D. And the Department of Education's 
own budget devotes less than 0.5 percent to re- 
search. 

• Funding for educational technology R&D has 
been inconsistent over the last 30 years. Educa- 
tional priorities have been buffeted by the winds 
of political change, making long-term commit- 
ments rare. 



• With no lead agency for educational technology 
R&D and no structure for coordinating activi- 
ties across agencies, there has been no strategic 
planning, little long-term evaluation, and missed 
opportunity for transferring findings across agen- 
cies with similar research interests. Despite these 
difficulties, some of the best educational technol- 
ogy products in use in schools today are the out- 
comes of Federal investments in R&D since the 
1960s. 

♦ Military agencies provided approximately three- 
quarters of all funding for educational technol- 
ogy research over the last three decades, support- 
ing much of the early work on computer-assisted 
instruction (CAI), cognition, and simulation for 
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skills training. Research in artificial intelligence 
and advanced computing applic ations continues 
to be important for education, but military re- 
search may no longer be the patron of such work. 

• Where ci\dlian R&D funding for educauonal tech- 
nology has been focused and consistent, the in- 
vestment has produced important results. Exam- 
ples include technology to improve educational 
opportunities for the handicapped and learning 
disabled; development of public broadcasting fa- 
cilities and innovative children's programming, 
from Sesame Street to Square One TV; and the 
development of LOGO, a computer programming 
language for children. 



Research in cognitive science^ allied with devel- 
opments in computepbased technology, the in^ 
stalled base of technology in the schools, and 
teachers willing to experiment create today's 
"window of opportunity" for improving educa- 
tion. R&D seeding could bear fruit. Among the 
most promising new research developments are: 

• Intelligent tutoring systems that can make the 
services of an expert and responsive tutor regu- 
larly available to the learner. 

• Applications that exploit the computer as a flex- 
ible multimedia controller, enhancing curricu- 
lum with the richness of video, graphic, and au- 
dio representations of information. 

• Simulations, microworlds, and exploratory lab- 
oratory experiences in all disciplines that en- 
able students to gain understanding through ex- 
ploration, manipulation, and guided discovery. 

• Integrated tools and "intelligence extenders*' 
that help students to move beyond low-level 
tasks and concentrate instead on more cogni- 
tively demanding learning and problem solving. 

• New assessment measures that track learning, 
diagnose students' conceptual understandings, 
and evaluate the attainment of nontrivial skills. 

• Design tools, authoring systems, and knowledge 
kits that enable teachers to create and shape 



ERIC 



their own teaching materials, to modify curric- 
ulum, or develop individualized lessons for their 
students. 

• New curriculum based on a changing vision of 
the skills students need in the information age, 
shifting much of the emphasis from what to 
learn to bow to learn. 



Promising developments require closer ties be** 
tween the research community and the classroom 
and contributions from many fields. 

• A new dialog must be established among 
teachers, researchers, and school administrators 
to tie classroom needs and realities to promis- 
ing research findings and technology applica- 
tions. Without close ties between the labora- 
tory, the design facility, and the classroom, 
technology that is needed may not be devel- 
oped; that which is developed may not be 
adopted or successfully used by teachers. 

• Educational technology R&D requires interdis- 
ciplinary research, pulling together expertise in 
cognitive science, artificial intelligence, com- 
puter science, anthropology and sociology, psy- 
chology, instructional design, and education. 
Interdisciplinary researchers are in short sup- 
ply, and their research requires stable, long-term 
investments, to support advanced hardware and 
software and to sustain projects from prototype 
development to evaluation :n real school settings. 

OTA concludes that the Federal Government 
must play a much greater role in supporting and 
cc ^dinating research^ development, aad demon** 
stration in educational technology. While the 
States and local districts can and will support some 
aspects of technology implementation, and private 
industry should continue to play a role, neither the 
States, the districts, nor the private sector has the 
capacity or incentive to conduct long-term research, 
promote comprehensive development, or dissemi- 
nate promising results. 
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EDUCATION AND R&D: A NATIONAL PERSPECTIVE 



The national investment in education and train- 
ing is huge. As a nation we spend somewhere in 
the range of $300 to $500 billion a year on all types 
of education and training, in schools and in indus- 
try.^ About $150 billion of that is spent by States, 
localities, and the Federal Government on public 
education. The Department of Education's budget 
request for fiscal year 1989 is $21.2 billion. 

R&D is also a major investment. The United 
States currently invests over $120 billion per year, 
just under 3 percent of the gross national product,, 
in public and private RSdD. The Federal Govern- 
ment share of R&D is $63 billion, 62 percent of 
which is military R&D. Education R&D commands 
less than 0.1 percent of the ^ederal R&D budget 
(see figure 7-1). Since 1980, funding for education 



nbid.. p. 47. 



Figure 7*1 .—Obligations for R&D in the U.S. 
Department of Education as a Percent of All Federal 
R&D Obtigat!onn, 1979 S8 



I 




1979 80 81 82 83 84 85 86 87 1988 
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SOURCE. Office of Technology Assessment, based on National Science Foun* 
dation, "Federal Funds for Research and Development. " detailed 
statistical tables. 1987. 



R&D has decreased dramatically, while both Fed- 
eral and overall spending for education increased.^ 
Moreover the National Institute of Education's ex- 
penditures for research have decreased since the 
early 1970s by more than 70 p^rcei.t in constant 
dollars at the same time that the overall Fedc al Ui 
vestment in education increased by 38 percent^ 
(see figure 7'2a and b). 



'Sec U.S. Congress, Congressional Research Service, 1/.S. Depart' 
mcnt ofEducotiom Major Program Trcnrfs, Fiscal Years 1980^9, Re- 
port 88-330 EPW (Washingtor. OC: Ap.i! 1988), pp. 97-100; and U.S. 
Congress, General Accounting C 'ffice, R6iD Funding: The Department 
ofEducation in Perspective, Rep rt PEMD-88-18FS (Washington, DC: 
May 1988). 

''For a fuller analysis, sec U.S. Congress, General Accounting Of- 
fice, Education Information: Changes in Funds and Pr/or/f /« Have Af- 
fected Production and Quality, Report PEMD 88^ (Washington, DC: 
November 1987). 

Figure 7*2a.— U.S. Department of Education 
Obligations in Current and Constant 1972 Dollars for 
Fiscal Years 1973-86* 
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^Includes the Offtce of Planning, Budget, and evaluation, the National Center 
for Educatl&nal Statistics, and the NaMonal Institute of Education. Constant 1972 
dollars are computed by using the Implicit price deflator tor Federal Govern* 
ment purchases of goc^» ..J servbes as reported In Survey of Current Business. 

SOURCE: ti.S. Congress. General Accounting Office. "Education Informatlcn, 
Changes In Funds and Priorities Have Affected Production and 
Quality." Report to the Chairman. Subcommittee on Select Education, 
House Committee on Education and Labor. November 1987. 
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FEDERAL SUPPORT FOR EDUCATIONAL TECHNOLOGY R&D= 



It is exceedingly difficult to isolate and quantify 
the exact amount the Federal Government invests 
in R&D for educational technology. Expenditures 
are fragmented among and across departments, 
agencies, bureaus, offices, and programs. It is even 
harder to trace these funds over the years, because 
of reorganizations and shifts at all levels of govern- 
ment. OTA*s estimate of Federal support for educa- 
tional technology R&D is based on an analysis of 
the three agencies that have been the major flin- 
ders in this area: the Department of Defense (DoD), 
the National Science Foundation (NSF), and the 
Office of Education/Department of Education. Di* 



^This section draws heavily on Charles Blaschke et al, Education 
Turnkey Systems, "Support for Educational Technology R&D: The 
Federal Role," OTA contractor report, Sept. 30, 1987. 



Figure 7-2b«— National Institute of Education 
Obligations in Current and Constant 1972 Dollars for 
Fiscal Years 1973-86' 
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SOURCE: U.S. Congress, General Accounting Office. "Education Information, 
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Quality/' Report to the Chairman, Subcommittee on Select Education, 
House Committee on Education and labor, November 1987. 



rect Federal funding for R&D which impacts 
educational technology accounts for total spends 
ing of approximately $240 million per year,^ 
never approaching the billions committed to 
ether major categories of technology^related 
R&D, such as energy, agriculture or transportation. 

The Department of Defense 

DoD has played a major role in the development 
of computer technology and its applications to edu- 
cation and traming. In fact, one of the earliest tech- 
nologies, the chalkboard, was created at West Point. 
An instructor. Frenchman Claude Crozet, found 
himself in a dilemma. Unable to speak English and 
with no textbooks to teach his science course, he 
painted a wall of his classroom black and wrote on 
it with chalk.^ The computer itself was developed 
using defense R&D funds. 

With its growing demand for technologically 
skilled service personnel able to maintain and oper- 
ate increasingly sophisticated military equipment, 
DoD training requirements have increased. As 
noted by two military analysts:^ 

A current and probably correct assumption be- 
hind U.S. defense planning is that in any major con- 
frontation, ranging from deterrence to combat, our 
adversaries will be able to supply greater numbers 
of people than we can. We have sought to counter 
this superiority in manpower quantity with qual' 
ity, partly in manpower but primarily in advanced 
materiel . . . faster tanks, more heavily armed air- 
craft, more sensitive radar and sonar, more accurate 
flre'control devices, more powerful and more com- 
plex computers to aid tactical and strategic decision 



^is figure is a rough estimate that includes the Department of De- 
fense manpower and personnel education and training research and 
development in technology ($207.6 million), the National Science Foun- 
dation precollege technology activities ($U.8 million), and the Depart- 
ment of Education discretionary research and development technol- 
ogy activities ($18.1 million) (fiscal year 1987 figures). 

^C. Anderson, History of Technology I: Technology in American 
Education, 1650-1900, Occasional Paper No. 1 (Washington, DC: Na- 
tional Education Association, Technological Development Project, 
1961), also J.R. Ollsen and V.B. Bass, "The Application of Perform- 
ance Technology in the Military: 1960-1980," PcrfbrfnanceancZ/nsfruc' 
f/on, vol. 21, 1982. 

^j. Dexter Fletcher and Marty Rockway, "Computer Based Train- 
ing in the Military," Military Contributions to Instructional Technol- 
ogy (New York, NY: Praeger Publishers, 1986), pp. 172-173. 
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making, and so On. However, we must Operate, 
maintain, and deploy this materiel close to the limit 
of its intended performance. If we do not, the high 
cost of the materiel will be wasted, and the com- 
petitive edge it is intended to buy will be lost ... no 
understanding of military systems is complete with- 
out consideration of the human performance they 
require to function as designed. Put another way, 
human performance is an inseparable, essential com- 
ponent of every military system. Given this perspec- 
tive on military-system ef ^ctiveness, it is not sur- 
prising to discover that the military investment in 
training is immense. 

Furthermore, as more recruits enter the Services 
with low reading, writing, and mathematics skills, 
the military has had to spend billions educating and 
retraining the failed products of our educational sys- 
tem.^ Investments in instructional technology R&JD 
are viewed by the military as a means of making 
their huge personnel education and training system 
more efficient. 

The level of DoD's investment for education and 
training has consistendy exceeded that of all Fed- 
eral civilian agencies combined. The military now 
spends approximately $208 million a year on R&D 
technologies in education and training, while civil- 
ian spending on technology R&D for K-12 educa- 
tion is estimated at $30 million. Put another way, 
the military spends $7.00 for every dollar spent by 
the civilian sector on R&D for instructional tech- 
nology. 

DoD R&D in technology ranges from basic cog- 
nitive science investigations to applied development 
of course materials and electronic teaching ma- 
chines. Figure 7-3 shows a timeline of representa- 
tive projects supported by the services since the 
1950s. Sustained efforts, combined with large levels 
of support for projects carried across the R&D con- 
tinuum, resulted in training applications of direct 
utility to the military agencies. The military also ex- 
plored high-risk but potentially high-payoff technol- 
ogy developments that reaped benefits for educa- 
tion (see box 7-A). 

Two major lines of support can be traced over 
time. The first line traces research in programmed 

It has been estimated that, on an average day in 1984, some 
265,000 military and civilian personnel were undergoing some type of 
formal training, requiring a support staff of another 194,700 person 
nel, at a cost of $13.3 bilhon for that year. Ibid., p. 173. 



instruction leading to applications in CAI and com- 
puter-based instruction (CBI), and research in com- 
puter-managed instruction (CMI) for individualized 
training systems for military personnel. Examples 
along this line of development include: 

• PLATO, envisioned as a "book with feedback" 
as early as 1959, and supported by cO'::^bined 
DoD resources for numerous iterations of de- 
velopment.^^ An important component was a 
large-scale longitudinal evaluation. This evalu- 
ation and other studies of PLATO provided im- 
portant lessons for developing CBI with the 
next generation of computers. 

• The Air Force's Semi-Automatic Ground Envi- 
ronment for Air Defense System (SAGE), a pro- 
totype and progenitorior a host of military and 
civilian computer-based information systems. 
In dt:;signing SAGE it was found most efficient 
to embed training instruction directly in the sys- 
tem. The system taught the operator how to 
use it. This concept led to further development 
of projects utilizing computer controlled instruc- 
tion in educational systems (e.g., AIRDALE, 
DIOGENES, and the Advanced Instructional 
System). 

• Applications of the IBM System 1500 for CAI 
training. The Naval Academy used tht System 
1500 for CAI in physics, chemistry. Russian, 
and Naval Opertions analysis; while the Na- 
val Station in San Diego and the Army Signal 
School at Fort Monmouth, New Jersey devel- 
oped CAI in electronics training. 

• Research by the Office of Naval Research 
(ONR) and the naval laboratories on pro- 
grammed instruction led to the largest CMI ef- 
fort of its time, the Naval Air Station project 
in Memphis, serving more than 6,700 students 
daily. 

The other major line of research has led to simu- 
lations for various training applications, such as: 

• Navy's Taskteach Tutorial, which simulated 
equipment for maintenance training and led to 
development of a General Maintenance Trainer/ 
Simulator and the Sophisticated Instructional 
Environment (SOPHIE). SOPHIE received Tri- 
Service support and is considered the "mother" 

"^hc National Science Foundation also supported development of 
PLATO in the 1970s. See National Science Foundation section below. 
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Figure 7*3.— Timelina of Major Instructional Technology Projects in the Defense Agencies, 1955*87* 
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Understanding for 
Bectrical System 
^ Troubleshooting: 
Mk. QUEST 

Alfbr 

trout>leshooting 
tuton Sherlock 



ARI Maintenance 
^ AkJiog Computer 
>/dNw for Hawk. Intelli-" 
gent Institutional 
Instructon 
MACH-IU 



ARI Intelligent 
Conduct of 
Fire Trainer: 
INCOFT 



1955 1960 

*nme*lln6 designation Indicates year of project start-up. 
SOURCE: Dexter Fletcher, Institute for Defense Analyses, 1968. 
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Box The Special Characteristics and Contributions of 
the Defense Advanced Research Projects Agency (DARPA) 

DARPA was particularly important for the development of computer technologies, many of which have 
been applied to education and training applications* The agency was established in 1958 in response to the 
Sputnik crisis, to explore high-risk but potentially high-payoff technology developments and to protect the United 
States against .technology surprise. While most of DARPA's support focused on air missile and space defense, 
some observers have called it . . the single-most influepHal government agency for the development of in- 
stnictionaily relevant capabilities such as computer speeca interaaion and artificial intelligence." 

From 1960-75, DARPA funded a number of major projects, related to computer-assisted instruction and 
artificial intelligence. DARPA provided funding and served as an umbrella for support from each of the services 
for the PLATO projea. During the late 1960s, DARPA also supported pcth^breakingRSiP in artificial intelli- 
gence at Stanford and the Massachusetts Institute of Technology. Other developments focused on applications 
of micrpprocessor<9ntrolled videodisc technology, such as interactive movies, surrogate travel, and low-cost 
visual/simulators such as the tank gunnery trainer. Other DARPA contributions include developments in com- 
puter-based authoring systems, learning strategies, and skills acquisition. Research in the 1980s focused on large- 
scale networks, computer systems sofware development tools, tutoring systems, and human factors research 
in "embedded" training. 

In the cognitive. science and computer science research community, DARPA was seen as the agency most 
open to far-reaching.ideas. Innovation was encouraged-and researchers came to believe that they could walk 
into DARPA with an interesting idea and walk out the door with a check to try it out. Several characteristics 
of DARPA in the 1960s' and J970s-contributed to this responsiveness: 

• Procurement flexibility: Few DARPA contracts followed the traditional competitive bid process, largely 
because it was assumed that some of the expected outcomes could not be adequately prescribed in RFPs. 

• Management flexibility: DARPA's staffing philosophy allowed project officers, themselves highly quali- 
fied researchers and scientists, unusual discretion and responsibility but limited their employment to rela- 
tively brief iperiods to minimize empire building and to cross-fertilize the government and outside RSiD 
•communities. 

• Missionpriority and umbrella coverage: The high priority of the DARPA mission was reflected in.its 
position in the Department of Defense hierarchy. Its director reported directly to the Secretary of Defense. 
DARPA often orovided seed- or risk money to conceptualize an idea or initiate a small program. As an 
official noted " iTie implicit mission of DARPA was to fund important areas of RSiD which the services 
overlooked or refused to support.**^ 

Because of its flexible authority and management, DARPA was able to provide continuity, effective com- 
munications and continuous support within its K&D community* The initial development and subsequent use 
of ARPANET, the agency's electronic network, provided unique opportunities for those on the network to 
exchange information including findings, "bounce ideas off experts," "refine thinking," and test the rigor of 
research in process. 

The long gestation period required for ideas to become useful innovations made DARPA's ongoing support 
extremely impoitanc. However, a recent trend toward more directed arid applied R&D projects is now also 
reflected in DARPA fbnding priorities. If the research community can no longer look to a DARPA for eariy 
and consistent support of innovative concepts, .the next decade's innovations may not get any further than 
the "interesting idea" stage. 

»J. Dexter Fletcher and Marty Rockway, "Computer Based Traming in the Mhitary/* MilirarY Contributhns to huruaional Tcchnotoi^y (New York, 
:>JY: Praeger Publishers, 1986), pp. 206-207. , t / . u u^u 

^"Revolutionary not evolutionary is supposed to characterize all DARPA projects. The agency's position i$ that if a project can be prescribed by a request 
for proposals, then DARPA jhould not be doing it." Ibid., p. 206. 

^Marshall Farr, personal communicarion, August 1987. 
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of several other intelligent tutoring systems de- 
veloped by the services for training personnel 
in troubleshooting tasks and equipment oper- 
ation and maintenance. 
• Defense Advanced Research Projects Agency 
(DARPA) research on videodisc technology, 
which led to interactive movies (allowing the 
student to control such aspects of viewing as 
perspective, detail, plot, and simultaneous ac- 
tion), surrogate travel (enabling the learner to 
"walk" through an area as it is displayed visually 
and to see what lies ahead or around the cor- 
ner of each chosen path), microtravel (surrogate 
travel through places where people cannot go, 
as through a jeep engine while it is running), 
spatial data management (allowing users to "fly 
over" an array of information and select what 
they want through joystick controls), and low- 
cost portable simulators such as the tank gun- 
nery trainer. 

liarly top-level support for RSdD in educational 
technology came from a 1965 memorandum from 
then Secretary of Defense Robert McNamara to the 
Secretaries of the Army, Navy, and Air Force. Not- 
ing tua*. little was being spent on innovations and 
new methods and techniques for education and 
training, the Secretary directed that a line item be 
placed in the budget for educational R&D . . to 
be used primarily on specific projects directed toward 
the improvement of existing Defense Department 
education and training programs."" His support 
was based on evaluations of previous CAI projects 
showing a 20 percent reduction in training time, the 
opportunity to individualize instruction, and the 
ability to control and manage a variety of media 
projects. 

These evaluations of effectiveness have been im- 
portant for generating ongoing support for projects. 
Training, in contrast to education, is relatively easy 
to evaluate, both because of methodology (it pro- 
vides a tight feedback loop for instruction researcn 
and evaluation) and motivation (because training 
can be linked to specific jobs, cost-effectiveness trade- 
offs are more readily and immediately observable 
than they are in education.) 

The military services continue to support impor- 
tant work on basic research on cognition, artificial 

"Secretary Robert S. McNamara, U.S. Department of Defense, 
memorandum, Aug. 16, 1965. 



intelligence, speech recognition, interactive learn- 
ing systems, and converging technologies. The mil- 
itary has been a major, and occasionally the major, 
player in advancing the state-of-the-art. Implications 
for education in the civilian sector are clear. Com* 
puters would probably have found their way into 
classrooms sooner or later. But without work on 
PLATO, the IBM System 1500, computer-based 
equipment simulation, intelligent instructional 
systems, videodisc applications, and research on 
cognition, it is unlikely that the electronic revo- 
lution in education would have progressed as far 
and as fast as it has.^^ 

Nevertheless, there are important limitations that 
must be considered. First, adults, not children, are 
the focus of the military's training efforts. Children's 
needs are different. Training and education have 
different goals. Although skills development may 
have some carry-over, educational goals are more 
complex than the specific objectives of military train- 
ing applications. Finally, although there have been 
civilian benefits from spinoff in technical areas, in 
general DoD spin-off benefiting the K-12 education 
community is shrinking as DoD research increas- 
ingly focuses on military applications. 

As shown in table 7-1, the military's ''6.1" (basic 
research) budget category has remained relatively 
static, while frinds in the "6.2" (experimental devel- 
opment) and "6.3" (advanced development) budget 
categories have grown. Furthermore, it has been sug- 
gested that less than one-third of the $25.7 million 
listed under 6.1 research has application to educa- 
tional technology.'^ Significantly, although the 
amount of DoD R&D funding for instructional 
technology overall is considerably greater than that 
provided by all other agencies, no system exists to 
facilitate technology transfer to civilian education 
counterparts." This continues, as it has for three 
decades, to be a mi$sed opportunity. 

"Fletcher and Rockway, op. cit., footnote 8, p. 212 
"Judith Orsanu, dir^tor, Basic Research Institute, Army Research 
Institute, personal communication. May 1988. 

'^One official noted that one of tne best, if only, mechanisms of 
technology transfer from the Department of Defense to civilian agen- 
cies probably comes from the fact that many researchers receive sup- 
port from both sources and mo\e freely between sponsoring agencies; 
Susan Chipman, personal communication, November 1987. Others 
have noted that informal exchange occurs more often under 6.1 fund- 
ing, which typically supports university researchers, than in the case 
of 6.2 and 6.3 funding for applied research. T*hese grants and contracts 
for experimental and applied development often go to private contrac- 
tors and industry, where sharing of information is less prevalent. 
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Table Department of Defense Manpower and Training: 
Technology Research and Development Expenditures, 1976-87 (In millions of dollars) 



1 976 1 977 1 978 1 979 1 980 1 981 1 982 1 983 1 984 1985 1986 1987 

6.1 Research 7.2 10.3 11.8 13.7 13.77 19.77 17.65 21.20 20.64 27.12 26.54 25.73 

6.2 Experimental 

development 28.8 37.7 47.5 57.6 54.65 69.14 62.16 72.12 80.64 83.48 89.60 96.97 

6.3 Advanced 

development 24.6 34.5 44.6 57.2 50.57 55.74 53.75 61.36 68.03 85.55 90.64 84.87 

Total 60.6 82.5 103.9 128.5 118.99 144.65 133.56 154.68 169.31 196.15 206.78 207.57 

SOURCE: Funding levels for the years 198(W7 are supplied by the Manpower and Training Research Information System (MATRIS). The figures for 1976-79 are from 
\ne Office of the Secretary of Defense. The differences between 1979-80 may be due to some slight differences M the selection criteria and changes In pro- 
gram elements when MATRIS was established. The congressional categories for education and training, human factors, man power and personnel, and simu- 
lation and training devices are Included. The above figures have not been adjusted for Inflation. For further detail, see Charies Blaschke et al., Education 
Tumkev Systems, "Support for Educational Technology R&D: The Federal Role/' OTA contractor report, Sept. 30, 1987. 



The National Science Foundation 

NSF support has been, and continues to be, an 
important basis for educational technology in the 
schools touay. Although only a small proportion 
of science education funds were earmarked for tech' 
nology R&D at the K-IZ level, this support has been 
critical. From 1968 to 198 1, p..-ecollege technology 
projects received from I to 3 percent of NSF's sci- 
ence education budget. More recently, however, this 
proportion has changed. Since 1984, an average of 
8 to 11 percent of the Science and Engineering Edu- 
cation (SEE) Directorate funding has supported 
precoUege technology activities. 

1968-78: The Early Years 

In 1968, President Johnson issued a memorandum 
directing NSF to take the lead in supporting com- 
puter use in schools. NSF responded with the estab- 
lishment of an Office of Computing Activities 
(OCA) directly responsible to the director of NSF. 
This high level of support was an important spring- 
board for action. Although most of OCA*s projects 
were at the university level, 10 to 15 percent of 
projects supported early work in CAI and other ap- 
plications of technology in elementary and second- 
ary schools. Projects included the Huntington Two 
Project, to create educational materials based on 
computer simulations for high school biology, 
physics, and social studies; development of CAI ma- 
terials for mathematics and reading drill and prac- 
tice; and studies of the effect of CAI on teaching 



''These included support of university and college regional comput 
ing networks, CONDUIT, a projea supporting the transfer of computer- 
based lerrning materials and expertise across universities, and projects 
aimed at furthering expertise m the use of computers m specific dis- 
ciplines, such as the Commission on College Physics. 



programming and data processing concepts to inner- 
city secondary school students. At this time, NSF 
also provided research support for a new program- 
ming language "so simple that it can be taught to 
second graders," which became LOGO (see box 
7-B). 

Support for CAI and LOGO continued when the 
educationally-oriented technology work moved to 
the newly formed SEE Directorate in 1972. New 
CAI projects included PLATO IV'^ and TICCIT, 
and the development of a computer-based high 
school mathematics laboratory. Much of the soft- 
ware for early educational computing systems came 
from NSF support.'^ 

As the SEE Directorate suffered declining appropri- 
ations ($7 million in 1974, $5.9 million in 1975, $2.9 
million in 1976), educational technology R&D sup- 
port decreased as well. Nonetheless, further devel- 
opment, field tests, and evaluation of CAI systems 
continued. Other activities included support for 
LOGO and work on computer graphics, the devel- 
opment of laboratory instruments connected to- 
microcomputers for science education, and exami- 
nations of various new telecommunication technol- 
ogies for the delivery of instruction. 

The decade following President Johnson's call for 
more research on school computer applications was 
an important one for educational technology despite 
limited funding. NSF support during this period 
made important and lasting contributions. Nearly 



'^er a period of 5 years, PLATO received $7.8 million in National 
Science Foundation funding. 

'^One analyst estimates that by 1973 over 800 of 2,750 educational 
software programs had been supported in part by the National Sci- 
ence Foundation, Beverly Hunter et al., Learning Alternatives in U.S. 
^Jucation. Where Student and Computer Meet (Englewood Cliffs, NJ: 

^ucational Technology Publications, 1975). 
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Box 7PB.:^fhe;^ of LOGO 
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' Photo cndltUOGO Systems, Inc. 



Concepts In engineering, physics, and robotics are 
nnade real as students write computer programs to 
operate machines they have created in LegoLOGO. 

all the technological tools, pedagogies, and meth- 
odologies now widely used in education had their 
instructional origins in these early NSF projects- 
telecommunications and computer networks, 
graphics, speech synthesis, programming languages 
such as LOGO, laboratory instrumentation, instruc- 
tional simulations, interactive dialogs, economics 
modeling and gaming, social science data analysis, 
interactive videodiscs, career counseling systems, and 
computer literacy for educators. 

1978 to 1988: Commitment to Educational 
Technology Despite Setbacks 

At the time when schools were beginning to ac- 
quire microcomputers in large numbers, NSF had 
no program focused on educational technology 
R62JD per se. However, from 1977-81 approximately 
$1.6 million per year was targeted to technology in 
the Research in Science Education (EUSE) and De- 
velopment in Science Education (DiSE) Programs 
in the SEE Directorate. While the research sum was 



small, it was significant because it supported work 
in cognitive science and artificial intelligence appli- 
cations to instruction. This was the only research 
of its kind being supported outside the military. NSF 
officials point to this early work as seminal in the 
field of intelligent CAI and intelligent tatoring 
systems.^^ 

Other activities supported by RISE and DISE in- 
cluded the development of computer literacy mate- 
rials and studies, the use of computers to teach rea- 
soning skills to junior high students, a study of new 
applied mathematics techniques using the PLATO 
system, development of mathematical reasoning pro- 
grams for young children, and development of pro- 
totype materials for interactive videodiscs. 

In 1981, the SEE Directorate was dismantled, a 
political event which had traumatic results for the 
^ence and technology community. Research groups 
were disbanded; some researchers moved into in- 
dustry, some to military training, and others left the 
field altogether. Many observers believe it created 
a serious hiatus,from which science education is still 
recovering. Dut g this period, NSF personnel who 
remained made creative efforts to seek alternative 
means of continuing support for research in educa- 
tional technology. 

Two approaches were adopted: industry partner- 
ships and interagency cooperation. Neither came 
easily, but both produced important results. Industry 
partnerships were forged under the program "De- 
velopment in Science Education Involving NSF/In- 
dustry Cooperation for Science and Engineering 
Education Using Computers." The program en- 
couraged universities to develop innovative proto- 
types of CBI materials or model programs in science 
and engineering education. Support was shared 
almost equally between NSF, industry (through do- 
nations of computer equipment), and the grantee 
institutions, each of whom had to provide at least 
one-quarter of the project cost to receive an 
award. 

The second focus was interagency cooperation. 
In order not to lose momentum and skilled research- 

•^Andrew R. Molnar, "Intelligent Tutors and Knowledge-Based Sys- 
tems in Education," paper presented at the Conference of Applications 
of Artificial Intelligence and Expert Systems, 1986. 

'^Dorothy K. Deringer and Andrew R. Molnar, "Unive- * /, Indus- 
try, and Federal Cooperation— A Case Study," Science, ". .hnology, 
and Human Values, vol. 8, No. 4, 1983, pp. 40-45. 
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ers in the middle of projectSj oth^r program offices 
in DoD and the Department of Education picked 
up some of the NSF projects. For example, NSF and 
the National Institute of Education (NIE) provided 
joint funding for research on cognitive processes that 
provided a basis for closer relationships between cog' 
nitive science and technology. But interagency fund- 
ing has its drawbacks: it is difficult to negotiate and 
subject to short-term support, especially if dual fund- 
ing is perceived as duplication of effort rather than 
cooperation. NSF took this risk because the situa- 
tion was desperate and interagency funding was the 
only way to support important work in progress. 

With the reestablishment of the SEE Directorate 
in 1984, R&X) activity in technology expanded. 
Funding for science and engineering education, 
while not yet returned to its 1968 level, has grown 
(see figure 74). A 44 percent increase for 1988 
pushed NSF*s education budget to $ 139 million, fol- 

Figure 7-4.*-National Science Foundation Budget, 
1952-88 
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lowed by a fiscal year 1989 request of $159 million. 
Educational technology R&D aimed at elementary 
and secondary education is also receiving more em- 
phasis, now approximately 10 percent of the SEE 
budget. (See figure 7-5.) Four programs sponsor 
activity: Instructional Materials Development, In- 
formal Science Education, Research in Learning and 
Teaching, and Applications of Advanced Tech- 
nologies. 

Several projects in the Instructional Materials De- 
velopment Program are exploring alternative meth- 
ods of delivering instruction via computers, videocas- 
settes, and telecommunication technologies. 



Figure 7-5.*- National Science Foundation Obligations 

for Research and Development of Educational 
Technology in Elementary and Secondary Education* 
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^Estimates are bas&d on the following NSF programs: 
1968-71— lOVe Of the Office of Computing Activltloa for elementary and sec- 
ondary education 

1972»76— 20% of CIE and Technological Innovations In Education for elemen- 
tary and secondary education 

1977-78—15% of Development In Science Education and Research in Science 
Education 

1979.81-15% of OlSE and RISE + $333,000 joint program with NIE 
1984-86-20% of Instructional Materials Development (IMO) + 100% of Ad* 
vanced Applications of Technology (AAT) + tSOO.OOC/year for 
Research In Teaching and Learning 
1987-88- NSF estimates based on IMO, AAT, and Teacher Preparation and En- 
hancement proprams 

SOURCE: Office of Technology Assessment, 1988. 
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The Informal Science Education Piogram supports 
several media projects, some funded jointly with the 
Department of Education. Television programs in- 
clude NOVA, 3'2'1 Contact! and Square One TV. 

The Research in Learning and Teachiiig ir rogram 
funds several projects in cognition and studies of 
student difficulties in understanding concepts in sci- 
ence and mathematics. Computer projects include 
a study of the effects of computer-based curricula 
in school alg ,bra; a project looking at how high 
school students and teachers solve problems in 
genetics using computer simulations; and an assess- 
ment of elementary and middle school children's 
LOGO debugging skills. 

Examples of work supported by the Applications 
of Advanced Technologies include study of intelli- 
gent tutors in calculus, algebra, geometry, pre- 
algebra, and algorithmic problem solving; creation 
of a computer work station for children; creation 
of Boxer, a new educational computing system; syn- 
thesis of research findings on key factors in science 
teaching and learning using instructional technol- 
ogy; several projects applying or extending LOGO 
in mathematics; and development of microcomput- 
er-based laboratories. 

Summary of NSF Impact 

NSF educational technology R&D made impor- 
tant strides when it enjoyed periods of secure, long- 
term funding and when Presidential interest made 
it a priority. At other times herculean efforts were 
required to maintain and support critical research, 
development, demonstration, and e^^aluation. It 
took several years after the shutdown of the SEE 
Directorate for momentum to return. Since the first 
new major grants were made in 1985, results are only 
now beginning to percolate through the system.^^ 
Even with increased funding, organizational divi- 
sions inhibit the flow of research into development, 
and on into school demonstrations and evaluations. 
As one manager noted, "We fund research but have 
no money for development, or development ^ith 
no funding for demonstration, or demonstration 
with no funding for field tests or evaluations."^* It 



^^John Walsh, "Breakthrough for Education at NSF?" Scienccy vol. 
240, Apr. 15, 1938, p. 272. 

^'Andrew Molnar, National Science Foundation, personal commu- 
nicatton, May, 1988. 



is difficult to conduct good research, to hold good 
Federal managers, or to attract new researchers to 
the field under these conditions. 

Another important factor to note is that NSF's 
R&D has primarily influenced technology use in sci- 
ence and mathematics, because of NSFs mandate 
in these subject areas. The impact has been impor- 
tant for these disciplines, but educational computer 
applications in the humanities and arts have not 
benefited in equal measure. This would not be a 
problem if other agencies, particularly the Depart- 
ment of Education, were to fill in the gaps. As the 
next section outlines, strategic support has been lack- 
ing at the Department of Education. 

Office of Education/Department of 
Education" 

Education's support for educational technology 
spans three decades and includes efforts to develop 
educational television and public broadcasting fa- 
cilities, to increase access to technology by enabl- 
ing schools to purchase hardware and software, and 
to expand the base of knowledge and innovation 
through R&JD. Support for the technology infra- 
structure and materials acquisition far exceeded the 
dollars invested in R&D. 

Much of Education's funding for educational tech- 
nology came from categorical programs and block 
grants that allowed school districts to purchase 
technology— televisions in the 1960s and 1970s; com- 
puters, videocassette recorders (VCRs), and software 
in the 1980s. Enabling schools to acquire instruc- 
tional technologies creates a "bottom up" incentive 
for innovation and research. As the base of ma- 
chines in schools grows, their use expands, driving 
development of new products to feed the school mar- 
ket. Consequently, Federal policies that encourage 
purchases of technology can indirecdy stimulate 
R&D. 

Education's limited spending fc R&D in the area 
of educational technology is not surprising when one 
looks at the overall low priority granted education 
research in general. Barely half of one percent of 



"The Office of Education was a part of the Department of Health, 
Education, and Welfare until the establishment of a cabinct»!evel De* 
partment of Education in 1980. *ii this report, both organizational cn* 
titics are referr d to as "Education." 
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the Department of Education budget goes to re- 
search." By comparison, the Nation spends about 
as much annually on health care as on education, 
but it spends 60 times as much on health researcli.^^ 
The military, where RSdD has been increasing at 
an average increase of 7.8 percent per year since fiscal 
year 1984, devotes about 12.8 percent of its total 
DoD obligation to research.^^ 

Of all the Federal agencies, it is most difficult to 
.extract consistent figures on funding for educational 
technology from Education. Technology has been 
supported in various pockets of programs, often 
without a line item in the budget. OTA estimates 
,.that between 1961 and 1987 Education spent ap- 
proximately $200 million for educational technol- 
ogy RcdD on computer-based applications. Although 
a sizable total investment, given the 26-year time 
span, it is in fact small from the perspective of overall 
Federal R&D in this area. (DoD instructional tech- 
nology R&X> expenditures from 1971 to 1987, a 16- 
year time period, is over $1.9 billion.) In fact, each 
year the military spends approximately as much for 
R&D in educational technology as the Departraent 
has over the last 26 years. 

Early Efforts 

Education's largest investment in technology has 
been in support of public television, both through 
the creation of the public broadcasting infrastruc- 
ture and in television programming that addresses 
. critical educational needs. The American public and 



^^'This is of special concern since the Federal Government is the pri- 
mary souice of funding for such research, as there is no education in- 
dustry investing In educational research as we find in other areas." 
Nancy Cole, president, American Educational Research Association, 
testimony before the House Committee on Education and Labor, Sub- 
committee on Select Education, Apr. 21, 1988. 

^^Institute for Research on Learning, The Advancement of Learn- 
ing (Palo Alto, CA: 1988), p.l 1. The expenditure on health services 
for 1987 is estimated at $496.6 billion m "National Health Care Ex- 
penditures, 1986-2000," inHcalth Care Financing Review, summer 1987, 
p. 24. The 1987 expenditure on health research by the Department 
of Health and Human Services is from the 1989 fiscal year budget. To- 
tal spending on education and training at all levels is estimated at $453 
billion ($144 billion at the elementary and secondary level, $94 billion 

ioT post-secondary, $210 billion for etiployee formal and informal train- 
ing, and $5 billion for government training); see Anthony Carnevale, 
American Society of Training and Development, "The Learning En- 
tcrprisc," Training and Development Journal^ January 1986, p. 18. 

^^Richard E. Rowberg, chief, Science Policy Research Division, Con- 
gressional Research Service, testimony before the House Committee 

^ on Education and Labor, Subcommitte on Select Education, Apr. 2 1 , 

.1988. 



the schools are still enjoying the fruits of this in- 
vestment. The Educational Broadcasting Facilities 
Program was created by Congress in 1962 to assist 
(through matcning grants) in the construction of 
noncommerical educational television or radio 
broadcasting facilities. Between 1962 and 1978, when 
the program was transferred to the Department of 
Commerce, Education spent a total of $151 million 
on public broadcast facilities. Television and radio 
programming support began in 1968 with support 
to the Children's Television Workshop for RSdD 
on Sesame Streety and continued with funds pro- 
vided by the Emergency School Aid Act (ESAA), 
passed in 1972 to eliminate minority group segre- 
gation and discrimination. One of the activities sup* 
ported by the act was the development and produc- 
tion of integrated children's television programs of 
cognitive and affective value. ESAA funds provided 
a total of $67 million for television series and re- 
lated activities, including such series as Villa Allegrey 
Vegetable 5oup, and Infinity Factory. Funding for 
television programming from 1968 to 1980 totaled 
$134.3 million.^^ 

One of the most important changes in the Fed' 
eral funding of education was the 1965 passage of 
the Elementary and Secondary Education Act, 
which focused national attention on education and 
provided increased financial support.^^ The "War 
on Poverty" looked to education as a means of ere- 
a''ing social change, and computer-based education 
was seen as a potentially powerful tool for improving 
the educational opportunities for the disadvantaged. 
Time-sharing on mainframes made it economically 
feasible for students to begin to have access to ex' 
pensive computers. 

One of the best known computer^related projects 
supported by the Office of Education in the 1960s 
was Stanford University's development of instruc- 
tional materials for educationally disadvantaged 
elementary school children. The Stanford computers 
in California were able to serve students as far away 



^'^Andrew A. Zucker, "Support of Educational Technology by the 
U.S. Department of Education. 1971-1980/' Journal of Educational 
Technology Systems, vol. 10, No. 4, 1981-82, pp. 303-320. Department 
of Education stafif indicate that an additional $25 million was spent 
on educational television since 1980. Arthur Sheekey, Office of Educa- 
tional Research and Improvement, U.S. Department of Education, per- 
sonal communication. 

"Overall Federal funding for education increasw^d from $375 million 
in 1958 to $4.2 billion in 1968. 
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as Kentuck, and Mississippi via telecx)mmunications— 
itself a powerful demonstration of technology. An 
unusual financial feature of the project was the use 
of Title III funds, which were awarded to States and 
localities for services, to supplement the direct sup- 
port made available to Stanford for RSdD. 

During the 1960s, the Office of Education also 
funded several significant RSdD projects involving 
video technology, including evaluation research 
comparing conventional teaching and video presen- 
tations; the establishment of a video clearinghouse, 
the National Instructional Television Center at Indi- 
ana University, from which grew the current Agency 
for Instructional Television (now the Agency for In- 
structional Technology); and support for improved 
capacity of public radio and television stations un- 
der the Education Broadcast Facilities Program. In 
1964, NIE funded the Learning Research and De- 
velopment Center (LRDC) at the University of Pitts- 
burgh. One of LRDC*s mandates was to study the 
potential of technology for education. 

The 1970s: Educational Television, 
Special Education, and CAI Evaluation 

In the 1970s, much of R&D continued to focus 
on television as an educational tool. Education also 
spent approximately $200 million on computer-re- 
lated activities during the 1970s, of which about $50 
million was for RSdD, including demonstration proj- 
ects. Many significant RSdD projects in the Bureau 
of Education for the Handicapped opened new 
learning opportunities for the handicapped. These 
projects included closed captioning of television, en- 
abling the deaf to have access to a substantial por- 
tion of television programming for the first time; de- 
velopment of the OPTACON foi the blind, a device 
which produces images of printed letters using small, 
raised, vibrating wires; and support for the devel- 
opment of the Kurzweil reading machine, another 
device for the blind, which scans text and reads text 
aloud through synthesized voice technology. Sub- 
sequent funding supported dissemination of these 
devices. The Bureau of Education for the Handi- 
capped also supported a computerized database on 
instructional materials for the handicapped; studies 
of reading and mathematics CAI materials for deaf 
and hearing impaired students; and demonstrations 
of electronic mail for communication with the deaf. 



Other technology programs during this period in- 
cluded several applications of telecommunications 
for education: the Educational Telecommunications 
for Alaska project, which provided the scattered and 
small Alaskan schools with electronic mail, CAI, 
and other services via microcomputers; and the Ap- 
palachian Community Service Network, which used 
satellite distribution cf instructional programming. 

Research on the effectiveness of CBI, as well as 
development and evaluation of computer software 
was also begun. Projects included an extensive 5- 
year longitudinal study of the effectiveness of CAI 
in the Los Angeles public schools, conducted by the 
Educational Testing Service; an educational software 
review and distribution service for school districts 
(MicroSIFT) under contract to the Northwest Re- 
gional Laboratory; and development of software in 
mathematics (Ohio State University), writing (Bolt, 
Berenek & Newman), and language arts (WICAT). 
Products created by these software development 
projects were made available for commercial distri- 
bution and were used by schools. In addition, de- 
velopment of a multimedia science and mathematics 
program series for children that included broadcast 
television, computer software, and videodisc mate- 
rials was funded through a multiyear award to the 
Bank Street College of Education for the creation 
of the Voyage of the Mimi}^ 

Eariy 1980s: Block Grants, Computers, 
and a Technology Initiative 

As computers became widely available, there was 
great excitement surrounding them; Time magazine 
chose the personal computer as "Man of the Year** 
for 19S2. Schools no longer had to purchase large, 
expensive systems in order to use computer tech- 
nology; they could buy as many or as few computers 
as they could afford. Parent-Teacher Associations 
bought them for schools as fast as bake sale pro- 
ceeds came in. Federal Chapter 2 funds also became 
an important resource.^^ 

^Additional funding was provided by the National Science Foun- 
dation in subsequent years. This was due in part to efforts by Depart- 
ment of Education program managers who, recognizing the need for 
additional funding beyond Department of Education allocation, turned 
to their colleagues in the National Science Foundation for help. 

^^e Education Consolidation and Improvement Act of 1981 con- 
solidated discretionary grant programs i.ito block grants that were 
directed to the States and local jurisdictions through formula fund- 

(continued next page) 
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Where separate authorizing legislation existed, and 
where program managers had a commitment to 
technology, the Department continued to fund tech- 
nology RSdD' activities.^ From I98I to 1987, an 
estimated $129 million was spent on educational 
technology RSdD and demonstration projects with 
computers.^* The Office of Special Education and 
Rehabilitative Services continued studies of com- 
puter use for handicapped students, with followup 
projects that developed a variety of applications in- 
cluding hardware, adapative devices, and special 
education software. Dissemination efforts were de- 
signed to bring research findings and development 
efforts to schools and the special education commu- 
nity. Additional studies were conducted in the Of- 
fice of Vocational and Adult Education and in NIE, 
but most were not given adequate support to move 
beyond research into development, classroom trial 
and evaluation, and dissemination, particularly af- 
ter a shift in Department research priorities after 
1984. 

The Department of Education began its partici- 
pation in the congressionaliy-mandated Small Busi- 
ness Innovation Research (SBIR) Program in 1983. 
The SBIR Program is aimed at accelerating the com- 
mercialization of new devices developed under gov- 
ernment support. With funding levels that are based 
on a percentage of the agency *s overall external 
RSdD budget, SBIR grants were awarded for tech- 



(continued from previous page) 

ing. These fiinds (Chapter 2), distributed on the basis of the number 
of students, were to be used for educational improvements as the States 
and districts saw fit. Many districts used their block grant monies to 
purchase computer hardware and software. Chapter 2 and its prcdcces* 
sor programs have r>rovided about $510 million for computers and re* 
lated expenditures. A study of the Chapter 2 block grant program 
showed that, for the third year of block grants (1984*85). support for 
computer applications was the most popular activity, accounting for 
30 percent of all local expenditures under block grants. During this 
same period, 72 percent of the Nation's schools used Chapter 2 for 
computer^related puichases. Michael S. Knapp et al.. The Education 
Block Grant at the Local Level: The Implementation of Chapter 2 of 
the Education Consolidation and Improvement Act in Districts and 
Schools (Menio Park, CA: SRI International, January 1986). 

^or a full list of these projects, sec Susan Klein, Computer Edu* 
cation: A Catalog of Projects Sponsored by the U,S, Department of 
Education (Washington, DC: U.S. Department of Education, 1983). 
One example was the Title VII 3'year grant awarded to the Seattle 
Public Schools to develop computer^assisted instruction in U.S. his* 
tory for Vietnamese, Cambodian, and Laotian high school students. 
See U.S. Cxjngress, Office of Technology Assessment, 'Trends and Sta- 
tus of Computers in Schools: Use in Chapter I Programs and U.se With 
Limited English Proficient Students," staff paper, March 1987, pp. 86- 
87. box B. 

"OTA extrapolation, based on Klein, op. cit., footnote JO. 



nological innovation in areas proposed by the 
Offices of Special Education, Vocational Education, 
and Educational Research. 

Several computer projects were supported, by the 
Department of Education in the early I98Cs under 
the Secretary's ^Technology Initiative. Although 
not a new funding initiative, this effort signaled Sec- 
retary Beirs support for technology through a vari- 
ety of programs under existing authorities within 
the Office of Educational Research and Improve- 
ment (OEEU). Among these were 12 technology 
demonstration projects where computer applications 
were studied and showcased; studies of the avail- 
ability and quality of software in reading, mathe- 
matics, sciences, and foreign languages; and continu- 
ing support for The Voyage of the Mimi television 
series and accompanying computer materials, and 
for two other educational television series, J-2-i 
Contact and Spaces. 

The Department sponsored a research conference 
in November 1982 on the potential of computers 
for education.^^ Recommendations made by the 
distinguished group of experts from the fields of arti- 
ficial intelligence, cognitive science, and education 
provided a conceptual framework for the Depart- 



^^U-S. Department of Education, "Fourth Update on Technology 
Initiative Activities,*' internal memorandum, Jan. 18, 1984. 

"Alan Lcsgold and Frederick Reif, Compufery in Education: RealiZ' 
ing the Potential^ Report of a Research Conference (Washington, DC: 
U.S. Department of Education, August 1983). 
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Photo endit: Sunburst CommunicMtions 



tn the Geometric Supposer, developed with Federal 
funds, students can manipulate geometric shapes to 
test and apply theorems. 
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mentis technology research agenda, and were in- 
cluded in planning the competition for a Department- 
sponsored Educational Technology Center. A na- 
tionwide competition for the center was held, and 
the award was made to the Harvard Graduate 
School of Education, funded at $7.7 million over 
5 years to conduct R&D on the role of technology 
in teaching mathematics, science, and computing. 
The center focused on "targets of difficulty," cur- 
ricular topics that are both critical to students' fur- 
ther progress in these fields, and widely recognized 
as difficult concepts to teach and learn. Various re- 
search projects at the center studied the nature of 
students* difficulties in understanding, exploited the 
educational capabilities offered by computer-based 
technology, and designed experimental lessons using 
computers as well as traditional materials to address 
these difficult topics. Teams made up of research- 
ers from the center and participating classroom 
teachers tried out some of these promising units in 
local high schools to learn how they worked in the 
classroom.^^ 

As part of a plan to increase Department of Edu- 
cation involvement in educational technology. Sec- 
retary Bell created a National Task Force on Tech- 
nology in 1983, • . to investigate the potenti ' of 
appropriately integrated technology to improve 
learning in our nation's schools."^^ It was Bell's 
hope that this Task Force would set a national 
agenda for educational technology. 

1984 to Present: A Lower Priority 
for Technology 

When Secretary Bell left the Department of Edu- 
cation in 1984, the technology initiative and related 
emphasis on computer activities ground to a near 
halt. The new Secretary, William Bennett, did not 
share Bell's vision of improving education through 
technology. The climate in the Department, re- 
flected partly in the declining number of new grants 
involving computers, shifted significantly. 

Illustrative of Bennett's lack of interest in tech- 
nology is the Department's response to Transform- 

^Educational Technology Center, Harvard Graduate School of 
Education, "Making Sense of the Future," a position paper on the role 
of technology in science, mathematics, and computing education, Jan- 
uary 1988, p.l. 

"National Task Force on Educational Technology, 'Transforming 
American Education. Reducing Risk to the Nation," a report to the 
Secretary of Education, unpublished manuscript, April 1986. 

ERIC ^ 



ing American EducatiGn: Reducing t/ie Risk to TTje 
Nation y the report to the Secretary by the National 
Task Force on Educational Technology, referred to 
above. Unlike A Nation At Risky which was released 
at a special ceremony at the White House and given 
major nationwide distribution and publicity, the 
technology report was held several months and 
eventually released but not printed or made avail- 
able to the public through the normal Government 
Printing Office channels. 

The reductions in computer-related R&D were 
especially notable in the obligations ofOERI, which> 
was not bound by the legislative mandates as is the 
case in the Office of Special Education^ or the Of- 
fice of Post-Secondary Education. OERI, which took 
over the National Institute of Education in 1984, 
has a more open charter and is therefore more re- 
sponsive to general priorities in elemcntary/second- 
ary education established by the Secretary and As- 
sistant Secretary, The trend is displayed in several 
ways. A recent computer printout listing OERI tech- 
nology projects supported since 1980 illustrates how 
many were supported in the early 1980s and how 
many fewer have been started since 1983." Another 
change is in support for R&D projects of long du- 
ration. In the 1970s, the Department supported 
quite a few projects lasting 5 or more years (e.g., the 
longitudinal study of CAI in Los Angeles, devel- 
opment of closed captioning of television^ the Kurz- 
weil reader, and the OfTACON). During the 1980s, 
few projects received comparable long-term support. 
Finally, the number of reserrch grants to individ- 
ual researchers decreased substantially."^ While this 
decrease affected educational research as a whole, 
projects with a technology orientation were particu- 
larly notable by their absence.^^ 

Summary of Department of Education's 
Impact 

The Department of Education has had an off and 
On love affair with technology. Where research sup- 
port has been consistent, as in support of children's 

detailed discussion of the various program* and projects for the 
handicapped and others with special needs can be found in Blaschke 
et al., op. cit., footnote 5. 

"Sheekey, op. cit., footnote 26. 

"General Accounting Office, op. cit., footnote 3. 

^Of the nine grants to Field-Initiated Research Studies funded in 
fiscal year 1987, one had a technology focus. Sally Kilgore, director. 
Office of Research, Department of Education, letter to colleagues, May 
13, 1988. 
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television programming in the late 196Cs through 
the 1970s, or long term as in support for technol- 
ogy in special education, important milestones were 
reached. These are the exceptions. Most research 
projects did not have opportunities to proceed from 
'laboratory research through to development of prod- 
ucts and processes, much less to testing in the class- 
room, with real students and teachers. 



Other Agency Support for Educational 
Technology R&D 

Other Federal agencies have also supported re- 
:search that has or could ultimately lead to innova- 



tions in education. The National Institutes of Health 
supports medical research that includes studies on 
the brain and the way it functions. The Department 
of Labor has numerous manpower training and 
retraining programs that use technology to help 
workers enter the labor force or to adjust to changes 
in required job skills. The State Department and 
the Agency for International Development have lan- 
guage and other training programs and have applied 
computer-based technologies to improve these edu- 
cation activities. The National Aeronautics and 
Space Administratidh,(NASA) spends approximat- 
ley $8 million a year in artificial intelligence research; 
RSdD on human-machine interfaces in the areas of 
vehicle control and space station applications are. 



* PlwtoetfdnjNift imp SpicS Adminlitntion, Ami fk^^ C^ntir 

How can technology research conducted by other Federal agencies be applied to benefit education? 
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in addition to this funding*^ (see box 7'C). NASA 
also has an extensive education program in astron- 
omy and space sciences, and has developed software 
and videodisc materials for schools, and satellite 
broadcasts and telelectures for teacher education."^' 

These and other government-supported R&D 
programs contribute information and innovations 
to the area of educational technology, but it is dif- 
ficult to identify the most promising projects for edu- 
cation or to measure the cumulative level of fund- 
ing or impact. Project goals and priorities are 
targeted to each agency's mission, and are not gen- 
erally considered for potential applications in 
schools. Typically, these agencies chare a common 
problem with the Department of Education, NSF, 
and DoD— the lack -of enthusiasm or support 



*^civih D. Montcmerlo, Office of Aeronautics Space Technology, 
Division of Information Sciences and Human Factors, National Aer- 
onautics and Space Administration, personal communication, March 
1988. 

^'National Aeronautics and Space Administration, Educational Af- 
fairs Division, Office of External Relations, Educational Affairs Plan: 
A Five-Year Strategy FY 1988-1992 (Washington, DC. October 1987). 



technology transfer within programs in house or 
across agencies. 




CURRENT FEDERAL PRIORITIES 



Although the military, through DARPA, ONR, 
and the Service laboratories, has been a major con- 
tributor to basic research in technologies that have 
later led to educational developments, both Federal 
officials and researchers suggest that this may no 
longer be the case. Overall fundirig for basic research 
in DpD has receive*4 a smaller share of the Defense 
R&JD budget as big ticket items falling into the 6.2 
and 6.3 categories of exploratory and advanced de- 
velopment take a bigger bite (see table 7-2). Further- 
more, present research priorities preclude projects 
in cognitive science that have an education, rather 
than training, orientation. Many fear that the pipe- 
line for innovative developments for education will 
-suffer from the lack of support from a once power- 
fril frinding patron, the military R&D agencies. 

Educational technology research at NSF, however, 
is on the upswing. As shown in table 7-3, the fiscal 
year 1989 budget request for precollege technology 
efforts is 61 percent higher than that for fiscal year 
1987. As notea.^bove, however, NSFs focus is pre- 
dominantly on mat^ •matics, science, and computer 



Table 7-2.— Department of Defense Research and 
Development Funding, 1984*89* (!n billions of dollars) 



FiscaLyear 

1984 1985 1986 1987 1988 1989^ 

Rrsearch 0.84 0.85 0.95 0.89 0.90 0.92 

Exploratory 

development. . . . 2.22 2.27 2.28. 2.34 2.39 2.36 
Advanced 

development-... 1.41 2.70 4.07 5.03 5.43 6.51 

(SDl) (0.05) (1.39) (2.66) (3.26) (3.53) (4.52) 

Other 22.27 25.28 26.20 27.82 29.17 29.09 

Total 26.76 31.-<0 33.50 36.09 37.90 38.87 

^Data provided by the Of}(ce of the Secretary of Defense. 

^Current administration request. 

^Includes funding for the Strategic Defense Initiative (SDi). 

SOURCE: Richard Rowbe;g« Chief, Sc.ence Policy Research Division, Conores* 
slonai Research ^rvice, testimony before the House Committee on 
Education and Labor, Subcommittee on Select Education, Apr. 21, 1938. 

programming. The Department of Education, which 
has responsibility for research in broader are-^s re- 
lated to education, has just recently begun to again 
target limited spending on technology (see table 7- 
4 and appendix C). In a recent Department of Edur 
cation informal survey asking education research- 
ers to list the areas of education research most likelv 
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Table 7-3.— NSF Funding for Educational Technology 
Research and Development, 1987-89 
(In millions of dollars) 



NSF program 



Fiscal year 



1987 1988 (est.) 1989 (est.) 



Instructional materials 

development 4.1 7.4 go 

Applications for advanced 

technology 5.2 5.6 6.0 

Teacher preparation 

and enhancement* 2.5 3.5 4.1 

Total technology*^ n.s 16.5 19.1 

Total precollege 60.0 83.0 97.0 

•Funds from the Teacher Preparation and Enhancement Division that were used 

for technoiogy are estimates. The amount is difficult to separate from other ai. 

thJtles. 

"Does not Include the budget for InfomiaJ education and major broadcast 
projects, totaling approximately $7 million In fiscal yesr 1987. 

SOURCE Office of Technology Assessment, based on data from the National 
Science Foundation, 1988. 



to produce significant breakthroughs and the great- 
est impact on practice during the next 5 years, "com- 
puters in the classroom" tied for third most frequently 
mentioned. Assistant Secretary for Educational Re- 
search and Improvement, Chester Finn, summarized 
the educators' comments on this breakthrough area: 

The computer will deepen its presence in schools 
and classrooms as software improves and teachers 
begin to see it as a powerful tool for getting the job 
done. The microcomputer offers more information 
than any teacher can, and it puts that information 
directly into students* hands, permitting them to in* 
teract with it— to manipulate graphs, enact simula* 
tions, edit texts. Eventually, a keyboard will be at 
fKe fingertips of every student in every class.**^ 



^'Chester Finn, "What Aik Education Research," Educational 
Researcher, vol. 27, No. I, pp. 7-8, January/February 1988. 



Table 7-4.--r;epartnienf of Education Funding fc/ Educational Technology Research, 
Development, and Oemonstretion, 19S7-S9* 



1987 



1988 



1989 



Office of Educational Research and Improvement (OERI): 

Regional educational laboratories*' $1,808,798 (EO) 

National research and development centers^ 1,000,000 (EO) 

Educational technology center 2,000,000 (0) 

Field-initiated research grants 32,508 (0) 

Programs of national significance: 
Technology awards under science and mathematics, and 
critical foreign languages discretionary funds 

competition^ 530,000 (0) 

Technology competition ^. 

Educatipnal television 3,250,000 (0) 

Small Business Innovative Research 1,700,000 (0) 

ERIC Clearinghouse on Educational Technology 288,000 (0) 

National Diffusion Network— technology projects 310,000 (0) 

Star Schools _ 

Special education: 

Technology for special education 4,870,000 (A) 

PersonneLdevelopment , 2 290000 (EO) 

Early chlldhooc'-iucation [ . ' ^. 

Vocational edux,. 

Research center-iecnnology projects 192,091 (EO) 

High technology demonstrations !0' 

Adult education: 

Job Skills Education Program ^. 



1,225,926 
1,000,000 
900,000 
unknown 



970,000 
1,000,000 
2,225,000 
1,700,000 
P.98,283 
150,000 
19,148,000 

4,790,000 
1,810,000 

unknown 
9,600,000 



(EO) 
(EO) 
(0) 



(EO) 

(EO) 

(E0)« 

(EO) 

(0) 

(EO) 

(A) 

(A) 
(EO) 



<E0) 



$1,148,456 
Pending 
1,000,000 
unknown 



unknown 
unknown 
unknown 
1,700,000 
unknown 
unknown 
.0. 

4,790,000 
1,270,000 
300,000 

unknown 
9,6b0,000 



(EO) 
(EO) 



(EO) 



(R) 
(EO) 

(R) 



(EO) 



128.000 (0) unknown 



Abbr«vI«llon8: 0: Obligation; EO: Estimated Obligation; A: Appropriation; R: B'' .get Reirjest 
th^ u^^H^[^tJ!JPj^l\^ f!"^ applications, but there (S no Information availab'e to document funding related to technology, fnese Include: 
tha Magnet Schools Assistance Act (Title III. Education for Economic Security Act-EESA). the Bilingual Education Act (Title VII. EESA. Part* B and C). and hree 
programs wthorizadu^^^ Education Act (the Fund for Improvement of Postsecondary Education. HEA X-A; Leadership In Educational Administration 

Doyelopment. HEA V^2: and the Christa McAuHffe Fellowships. HEA V.D.2), Fomiula funding programs also support technology, Thew Include: S . Economic 
S^^' J •I'^T- u '"Pn^^TS^/f 1;;^.^'^= 2 ^^S^' -Mathematics/Science Program; the Blllnp.-al Education Act (Part A. State ^Sv^^S^^ 

Education for the Handlcapp<Kl Act (State grants); and tha Carl D. Perkins Vocational Education Act (Title II), A exception of Chaptef 2 block grants. Inf ormat on 
to document •ctlvltles related to technology (s not available. An estimated 30 peroent of appropriations for Chapter 2 block grants Is uMd for technology applications. 
n^^^!JfHnn"u ^f^lT^ l^^^^I&S.^ J^"^}^^ •"^ (^vslcpment and provide technical assistance within multlstate regions. The total annual ap. 

"^1'^ '"^ SlI.l^M^.V^'^'^ '^^•^^'"O for educational technology activities comes from OERI grants and other sources. Additional funds for 
technology were provided to the laboratories through the Rural Education Initiative (Education Appropriations Act of 1986) which appropriated $4 million over 2 yeana 
and gives a priority tc applications of technology. Tha rjDOunts shown Include only Federal funding. ww w m.ii.un uvwi c yeara 

KLvi!^^^*^ conduct rasearch on educational topics of national significance over a 3 to 5 year neriod. The total annual appropriation has been $17.6 million 
! Mn^rf : i 'MiSf S500.000 to $1.2 million Annually. One center has designated responsibility for educational technology R&D. but several others 

<jfnr^^"/^V»!J2. • technology component. Some centers support research that may lead to future applications of technology for leamlng. 

e of Ji ii^^fln c ^ ^ ^Sl*^^* Involving technology, which account for approximately 10 percent of critical foreign language discretionary funds. 

'includes $1 midfon for Squart 0n9 TV. currently under review. « • • . / iuiiu«. 

SOURCE: Of "ceofTwhnology Assessment. t)ased on data from the u.S. Department of Education. The Fl3c$t Year 1939 Budget. Summaiy and Background information - 
(Washington, DC: U^. Department of Education. Februaiy 1988); personal communlcail.'>n and lists of Departments of Education grants and awards. April t968. 
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A new technology competition under the Pro- 
grams of National Significance in the Title II Pro- 
gram for Mathematics, Science, Computer Educa- 
tion, and Critical Foreign Languages will have a 
funding level of $1 million. There is also a new com- 
petition for an Educational Technology Center. 
However, the RFP calls for less support ($5 million 
over 5 years, versus $7.7 million firom 1983 to 1988 
under the current contract) with a much broader 
research agenda. The new center will be responsi- 
ble for all curriculum areas, not just mathematics 
and science, and its mandate will cover not only 
technologyribut also teaching, learning, assessment, 
and school leadership. Despite the limited budget, 
interest in the renter competition has been very 
strong. Indeed, the new technology center is per- 
ceived as "the only game in town" by the educa- 
tional technology research community. 



No new educational television initiatives are 
planned, and although the new congressionally 
mandated ^ .ar Schools Program for distance learn- 
ing projects is authorized at a level of $19.1 million 
for 1988, no funds are requested in the Department's 
1989 budget. 

OTA concludes tuat these efforts fall short of fo- 
cused, long-term commitments called for by the Na- 
tional Governors' Association, the National Task 
Force on Educational Technology, and the National 
School Boards Association."*^ 



^'Sec National Governors* Association, Center for Folic/ Research 
and Analysis, Time tor Results: The Governors* 1991 Report on Eda* 
cation (Washi.igton, DC: 1986); National Task Force on Educational 
Technology, op. cit., footncte 35; and National School Boards Asso- 
ciation, A National Imperatives: Educating for the 21st Century (Alcx' 
andria, VA: 1988). 



PROMISING DIRECTI 

OTA finds that both recent research results and 
current demands for change in schools make in^ 
crcacid research on technology and education 
especially promising at this time/^ Three major 
factors make this so: 

L The technology makes possible the testing 
and trying of new ideas. Some of the best and 
the brightest scientists and researchers today 
see education as an important frontier for re- 
search because of the potential offered by in- 
teractive technologies."*^ Work in psychology, 
computer science, and artificial intelligence is 
contributing to understanding coherent the- 

**Much of this discussion comes from Roy D. Pea and Elliot Solo* 
way, "Mechanisms for Facilitating a Vital and Dynamic Education Sys- 
tem: Fundamental Roles for Eduv.Htion Science and Technology/* OTA 
contractor report, December 1987. 

^^Scc De^n Brown et ah, "Influences on Development and Iniiova* 
tion in Educational Technolo^iy," OTA contractor report, October 
1987. Both this report and Pea and Soloway, ibid., draw Iteavtly on 
research documents, and personal and wruten interviews with preem- 
inent researchers in the field. For a complete bibliography, see the coa- 
tractor reports. 

^Alan Collins, Bolt, Bcranek and Newman, Inc., personal commu- 
nication, December 1987. For example, Xerox has sponsored, with $5 
million in startup funds, an Institute for Research on Learning. One 
of the goats of the Institute is ". . . to forge a synthesis of technology 
and lear,i!iig theory so that the instructional capacity of new tools can 
be exploited " From Institute for Rc ^arch on Learning, op. cit., foot- 
note 24. ' 



) FOR RESEARCH^^ 

ories of how people think and learn. These the^ 
ories can now be tested on powerful com^ 
puters.**^ 

2. Experimentation . t jill levels is leading to new 
uses of technology and demands for increased 
capabilities. As the installed base of technoU 
ogy in the schools grows and becomes more 
powerful, new applications wUl become possi^ 
ble. Administrators want the technology to be 
used, and publishers want to exploit markets. 
As teachers become more sophisticated users 
of technology, they will d jmand better products. 

3. Critical educational needs are not being met. 
The American public is painfully aware that 
too many students are dropping out of school, 
test scores are declining in relation to those of 
students in other industrial nations, industry 
is demanding a more stilled and technologically- 



^'"The ability of today's scientists to model the mind on computers 
was made possible by generations of psychologists who watched and 
recorded people at ork on mental tasks of all sorts, and by the accuf 
mulated efforts of artificial intelligence researchers who have been try- 
ing to understand the nature of intelligence for over 30 years. Research* 
ers, finding thousands of regularities in the mind's handling mental 
tasks, are now using the computer to trV to assemble those regularities 
into a larger picture of how the mind performs." David L. Wheeler, 
"From Years of Work in Psychology and Computer Science, Scien* 
tists Build Theories of Thinking and Learning," 77ie Chronicle of Higher' 
Education, Mar. 9, 1988, p. A4. 
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competent work force, and the number of dif- 
ficult to teach students (special education stu- 
dents, non-English speaking students, and those 
from homes where educational support is lack- 
ing) is increasing. These problems, coupled with 
a shortage of teachers in some locations and 
subject areas, and growing concern over whether 
we can produce and keep the most talented 
teachers, all create a demand for change and 
for a more productive system for schooling. 

Research in the cognitive, serial, instructional, 
and computational sciences is cnanging the under- 
standing of learning and teaching. This different fo- 
cus is important— education viewed from the learner's 
perspective, not from the traditional curriculum/ 
subject matter perspective (see box 7-D). 

Some of the areas where current research shows 
promise for educational applications include the de- 
velopment of intelligent tutoring systems, tools 
which act as intelligence extenders, microworlds for 
learning, multimedia learning svotems, new meas- 
ures of testing learning, and research on how tech- 
nology affects teaching and the social structure of 
schools (see table 7-5). 

Intelligent Tutoring Systems 

Much of the research on human learning and ef- 
fective teaching has been channeled into develop- 
ing artificial intelligence technologies that could 
simulate human tutoring. There is no question that 
human tutoring produces the most effective learn- 
ing. For example, one researcher found that only 
1 1 hours of individual tutoring produced the same 
level of mastery of the LISP programming language 
as 43 hours of traditional classroom instruction with 
supplementary student homework. What is also ob- 
vious is the prohibitive expense of one-oi.-one tutor- 
ing. The technological opportunity lies in the po- 
tential applications of artificial intelligence m 
simulating human tutoring.'*^ 

Cognitive science research is focusing on those 
aspecti of human learning that could be used to de- 
velop intelligent tutoring systems. Work supported 
by the Personnel and Training Research Program 
at ONR indicates these include;"*^ 

^'Susan F. Chipman ct ah, "Personnel and Training Research Pro- 
gram: Cognitive Science at ONR," Nhval Research Rcvicu^, vol. 38, 
1986, p. H. 

^Ibid, pp.. 15-16. 



• understanding how novices and experts solve 
problems in order to create an "ideal student" 
model; 

• understanding where misconceptions occur 
when a real student does not perform as the 
"ideal student" would; 
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Table 7*5.— Promising Directions for Research: Selected Examples of Intelligent Tutoring Systems, 
Intelligence Extenders, Complex Microworids, and Multimedia Learning Environments in K«12 Education 



Project^ 
Algebra 
Workbench 
Boxer 

Chips 



cm Tutor 

Debuggy 

Earth Ub 

Geometric 
Supposer 
Geometry 
Tutor 

Green Globs 

Heat and 
Temper- 
atures 
IDEA 

Inquire 

INTERMEDIA 



Kids 

Network 

LegoLOGO 



LISP Tutor 

LOGO 

Macro- 
cont( Ms 
Micro- 
computer- 
based 
laboratory 
Modeling 

PALENQUE 

Proust 
QUEST 
Quill 



Topic 

Early algebra Instruction using LOGO.' 

Programming environments for educators, 

stucfsnts, and others 

Tool kit to create graphics intensivo 

programs. 

Authoring language to create instructional 
programs that help diagnose student 
responses. 

Uses artificial intelligence and cognitive 
theory to^dldGiiose subtraction errors. 
Collaborative learning and experiments in 
earth science using LANs. 
Hypothesis exploration in plane geometry. 

Uses cognitive theory to diagnose student 
errors In creating geometry proofs. 



Uses games and multiple representations to 
foster understanding of relationship between 
algebraic functions and graphs. 
Helps students understand heat and temper- 
ature through microcomputer lab activities 
with dynamic visual representations. 
Kelps students learn to use systematic deci- 
sion niethods to solve problems. 
Tool programs for active investigation of 
scientific phenomena. 

Hypermedia environment to create programs 
linking images, text, and other represen- 
tations. 

Collaborative science experiments using 
telecommunications networks. 
Children control Lego machines using the 
LOGO programming language. 

Intelligent tutoring system that provides in- 
struction on introductory LISP programming. 
Introductory programming language 

Uses interactive video technologies iu provide 
functional contexts fcr science learning. 
Inquiry-oriented sc'*^nce tools if!at connect 
data collection hardware to graphing software 



Computer-based tools that let students build 
iiiOdels of systems to learn calculus. 
Prototype using digital^video interactive 
technology that jets user "explore" a Mayan 
archeological site. 

Diagnose'; bugs In students' Pascal 
programs. 

A simulation environment for teaching basic 
electrical then:/. 

A set of conp>;t9r-based writing activities 
that use real documents to teach writing 
skills. 



Funding 



Grade level 


institution 


source 


Sixth grade 


Lesley College 


NSF 




Bolt Serenak & Newman (BBN) 




Middle school to adult 


University of California, Berkeley (earlier MIT) 


NSF 


Designers 


Learning, Research and Development Center 




of instructional 


(LRDC) 




software 






Educators and in- 


Carnegie-Mellon University (CMU) 


NSF 


structional designers 






Elementary school 


Xerox PARC (earlier BBN) 


DoD 


Sixth grade 


Bank Street College 


NSF 


Middle :choo! 


Harvard University Educational Technology 


ED 




Center 




Tenth orade 


CMU 


NSF 




DoD 






Carnegie 






Foundation' 


Middle school 


University of Illinois 


ED 




NSF 


Ninth grade 


Harvard University. Educational Technology 


ED 


Center 




Middle school to adult 


New York University 


Spencer 




Foundation 


Middle school 


Bank Street College 


NSF 


Undergraduate 


Brown University 


Annenberg 






Apple 


Fourth-sixth grade 


Technical Education Resource Centers (TERC) 


NSF 


National Geographic Society (NGS) 


NGS 


Elementary school 


MIT 


DoD 


and up 


BBN 


NSF 


High school and up 




DoD 


Elementary school 


MIT 


DoD 


and up 


BBN 


NSF 


Middle school 


Vanderbilt University 


IBM 




DoD 


Elementary : tool and 


TERC 


NSF 


up 




cn 


Tenth grade 


TERC 


NSF 


Lesley College 




Elementary school 


Bank Street College 


GE/RCA 


Middle school and up 


Yale University 


DoD 


High school 


BBN 


DoD 


Elementary school 


BBN 


ED 



(continued on next page) 
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Table 7-5.— Promising Directions for Research: Selected Examples of Intelligent Tutoring Systems, 
Intelligence Extenders, Complex Microworids, and Multimedia Learning Environments 

in K-12 Education— Continued 



Proifict^ 


Topic 


Hrarlo IpupI 
UidUC ivVCI 


Inctitiitinn 


Funding 
source 


Rat 


Microworlds that allow children to interact 


Elementary school 


LRDC 


nor 




with representations of everyday objects to 








learn basic arthmetic concepts. 








Reasoning 


Introductory statistical reasoning. 


High school 


BBN 


NSF 


under 








uncertainty 










Sketch 


Tutor to help teach graphing of simple 


Middle school and up 


Carnegie-Mellon University 


nor 




algebraic expressions. 




Smithtown 


Discovery world using simulations to teach 


High school and up 


LRDC 


DoD 




microeconomics. 




SOPHIE 


Electronic troubleshooting skills. 


High school and up 


Xerox PARC (eariler BBN) 


DoD 


STEAMER 


Uses simulation to teach about operation of a 


Vocational training 


BBN 


uuu 




steam propulsion power plant. 




Tinker Tools 


Uses game format to help learn basic con- 


Sixth grade 


BBN 






cepts In Newtonian mechanics (mass. 




ViVarium 


energy, and velocity). 








Computer-based models for ecology. 


Elementary 


MIT 


Apple 


Voyage of 






Los Angeles elementary school 


Uses multimedia materials for informal and 


Fourth grade and up 


Bank Street College 


ED 


the Mimi 


classroom -based learning of mathematics and 


NSF 




science. 






CBS 


West 


Employs the coaching paradigm and a com- 






Sony 


Elementary 


BBN 


DoD 




puter game format to teach basic arithmetic 








skills. 








m6 


System that helps children learn the meaning 


Elementary school 


Princeton University 


DoD 


Learning 


of words by providing different characteriza- 


and up 


Spencer 


Vi^ord 


tions of the meaning of words in a passage. 






Foundation 


Prototype using multiple representations to 


Elementary 


Harvard University 


ED 


Problems 


help students learn about reasoning with in- 




Educational Technology Center 




tensive quantities. 







Abbreviations: NSF - National Science Foundation, DoD * U.S. Department of Defense, ED - U.S. Department of Education, GE - General Electric, MM - Mas- 

sachusetts Institute of Technology, LANs -< local area networks 
^Projects listed represent the broad range of Innovative applications of technology to problems central to cognitive, social, and Instructional sciences of education, 
particularly In the area of K-12 education This Is by no means an exhaustive list. 
SOURCE: Office of Technology Assessment, 1988. 



^ defining the strategies of effective human tutors 
(knowing how to present information, what 
problems to present next, when to interrupt, 
when to explain); 

• developing representations of real systems which 
learners can manipulate and explore, to try out 
hypotheses and "what if?** kinds of thinking. 
:(What if I change this variable? What if it breaks 
down? What if I want to make another like it?) 

• trying out vajous student-tutor interfaces to de- 
termine how easily the student can get at the 
knowledge contained in the tutor*s ideal stu- 
dent model;^ 

^'The interface between the user and the computer may be the last 
frontier in computer design." James D. Foley, "Interfaces for Advanced 
Computing," Scientific American, October 1987. Examples of inter- 
faces are touch-scnskivc, plasma-panel screens, the "mouse" pointing 



• showing various graphic means which can il- 
lustrate ways of solving problems; and 

• studying how instruction can be adapted to 
limitations in the student's attention span or 
ability to absorb information. 

An example of an intelligent tutoring system 
which incorporates at least limited capabilities in 
all these areas is the Geometry Tutor developed at 
Carnegie-Mellon University- OMR funding for early 
research, later supplemented by NSF support for de- 
velopment and t-he Carnegie Foundation support 
for testing in the schools, brought this concept from 



device, the chorded key set, and on-screen windows, icons, menus, 
browsers, overlapping windows, and the bitmapped display; eyetrack- 
ing; and the Dataglove. (See Brown et al., op, cit., footnote 45, app. III.) 



185 



175 



basic research to classroom trials in the Pittsburgh 
public schook. Other intelligent tutors are being sup- 
ported by NSF for Pascal programming and an in* 
telligent tutor foi ' igh school algebra. 

Intelligence Extenders 

There is a major class of tools for learning and 
problem, solving, variously described as "cognitive 
technologies," "intelligence extenders," "cognitive 
workbenches" or "mental prostheses." These soft- 
ware tools enhance the utility of computers by their 
capacity to quickly and accurately manipulate sym- 
bols, including pictures, text, diagrams, numbers, 
and sound. They can be used in various combina- 
tions as needed. 

For example, text editors and graphics tools in 
word processors enable the writer to manipulate lan- 
guage with new ease and grace. Using these tools. 



writers find that revisions come more easily, thoughts 
can be reformatted, rearranged, and given new ex- 
pressive shapes previously not possible in the world 
of erasures and cut-and-paste editing. These adjust- 
ments and revisions in writing are techniques that 
are associated with expert performance among 
writers, yet even the most inexperienced of students 
can benefit from the assistance these intelligence ex- 
tenders provide to heip them write more fluently. 

As these tools now approach second-generation 
or integrated tool levels, they can be customized by 
teachers and publishers for different curricular areas 
and topics. Like dBase UI^ a powerful general tool 
for various database applications, or Lotus i-2-J, 
which offers multiple spreadsheets and modeling ap- 
plications for business, comparably powerful "engines" 
for education could spawn customized development 
and applications by the teacher for classroom use. 
HyperCard^ the latest associative tool, allows the 
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Plato 

(born : around 428 B.C 
died: about 348 B.C.) 

Formal philosophy begins 
with Plato. He was, according 
to custom, Socrates' student 
Socrate 





the fun 

several 

dialogui 

holding 

aeus. 9) 

probably 

convicti 

based m 

tMswoi 

mmrn 



Aristotle 

(bom: about 384 B.C.; 
died: 322 B.C.) 

Aristotle wa> not ah Athen- 
ian, but came to Athens to 
study vith Plato. He broke 
^ith Plato on fundamental 
philosophical grounds, giving 
much more importance to conr 
Crete experience th^n Plato did. 
His gesture seems to point to 
" is 



Ploto ond Aiiototle 

This central pair hold the key to the relations that run through the entire "^School of 
Ather^;. Here the two greatest Greek philosophers engage in a heated, but respeciiful, 
debate, apparently over the source of philosophical knowledge. Both had founded schools, 
and the teaching of philoso^ and science traces its origin back to them. But there is 
even more beneath the surface : Aristotle, after all, was Plato's best student; and Plato, 
in turn, was a student of Socrates (who can be found to Plato's right). It is the close 
personal relationships of so many philosophers that made Athens such an electric idea to 
Raphael, and that he tries to represent in this picture. Clicking on either philosopher will 
bring up further information about him; clicking on the books they 're carrying will bring 
up information aboisMhose, as will clicking on buttons that look like this: o . 




Photo cndlU John Camp, Wayne Stata Umvarafty: 



HyperCard software lets teachers create their own instructional software, linking topics as desired. In this "School of 
Athens" HyperCard stack, students "click** on a figure to bring up more Information about the philosopher or on the 

question mark fo> general information or help. 
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user to create and link together *^cards" of intermixed 
text, graphics, videodisc images, and sound. This 
software tool also includes a powerful, but simple, 
programming language. HyperCard's lineage can be 
traced back to Memex,^^ the forerunner of today's 
"hypertext," "idea processing," and outline process- 
ing systems. Much of the work creating tool "en- 
gines'* has been taking place at the university level 
-over the past 5 years, as in Project Andrew at 
Carnegie-Mellon University, Project Athena at the 
Massachusetts Institute of Technology, and Brown 
University's IRIS Project. 

Among the most promising uses of technology 
tools are those for exceptional students. Innovative 
, projects include braille word processors for the blind, 
specially designed materials for teaching English syn- 
tactic structure to improve the reading and writing 
skills of the deaf, and synthesized speech generated 
by touching graphics tablets, enabling students with 
little or no capacity for oral language to commu- 
nicate. 

Increasingly Complex Microworlds 

In increasingly complex microworlds a computer 
.representation of a situation or environment ena- 



'|Scc Vannevar Bush, **As We May Think," Atlantic Monthly. July 
1945. 




Photo cndit: Ad$ptiv CommunlcMtlons Systems, Inc- 



One of the most promising .-ireas of research is technology 
tc^serve exceptic lal students. Typing his words into 
this computer generates a speaking voice 
for this young man. 



bles the student to learn about the content area by 
exploring the representation, and to practice a skill 
in progressively more complex computer-generated 
simulated environments. 

Microworlds are valuable learning tools because 
students can learn by doing, by acting on the micro- 
world rather than merely observing phenomena. 
They can be very powerful stimuli for understand- 
ing how things work. Some microworld systems let 
students build or program their own worlds, allow- 
ing them to explore the properties of the system and 
their relationships by examining the consequences 
of changes to these properties. 

For example, in the LegoLOGO project, students 
write LOGO programs to control Lego machines, 
connecting programming and real-world objects 
such as gears, levers, and sensors, to introduce key 
concepts in physics, engineering, and robotics through 
an experimental approach. In microcomputer-based 
laboratories students learn science by doing it. Al- 
ternatively, imaginary microworlds can also be con- 
structed (e.g., non-Newtonian universes) which of- 
fer new opportunites to bring to life things that 
students could never see or imagine without the 
technologies. The microworld can offer novel op- 
portunities going beyond the limits of the real world, 
allowing the learner to delve into created worlds of 
fantasy and exploration. Examples of microworld 
R&iD include systems for early physics learning (Dy- 
naturtle; Thinker Tools); systems for exploring elec- 
trical circuit behavior (SOPHIE; QUEST); economic 
systems (Smithtown); physical systems (STEAMER); 
and ecosystems (The Vivarium Project). 

Multimedia Learning Environments 

Print remains the medium instruction in schools 
today, just as it was a century ago. Video, audio, 
graphics and other representation of information 
are used far less, despite the fact that they are highly 
motivating and effective for learning, and most often 
the sources'of the learning that takes place outside 
the schoolroom. 

Researchers are studying ways learners process in- 
formation presented in nontext media, and how 
various symbols (pictures, diagrams, graphs, flow- 
charts, etc.) affect understanding." As discussed in 



"See Mary Alice White, What Curriculum for the Information Age 
(Hillsdale. NJ: Lawrence Eribaum Associates, 1987). 
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chapter 8, new developments make 't possible to 
combine video, audio, and graphics to provide in- 
formation in varying formats that the teacher can 
control and access quickly. Object-oriented graphics 
editors, digital scanners for photos and video frames, 
and animation tools are available for computers at 
reasonably low cost, and are being used in learning 
technology development work in the research lab- 
oratory. 

A future scenario illustrates how these multimedia 
tools could be used in th** classroom. Picture the 
elementary school teacher discussing earth science 
and plate tectonics with the class. Using the com- 
puter as a multimedia control device, the teacher 
pulls up for computer projection dramatic online 
video clips of volcanoes. Students use. an interac- 
tive microworld to examine how continental drift 
operates, and slides of fossil remams from dffferent 
continents show how now-dispersed land masses 



were once connected. One student has the idea of 
photographing local geological strata, another brings 
in a home video of television footage on volcanoes 
he thinks might be relevant, another tapes the sound 
of storms to produce an audio soundtrack. When 
they return the next day these auditory and visual 
images are scanned into the classroom archives for 
other students to use. Electronic messages flow be- 
tween students and from teachers to students when 
difficulties arise or to share new ways of thinking 
about what is being learned. Students work at mul- 
timedia composition work stations, revealing what 
they have learned by constructing and revising their 
own leports. about plate tectonics from these and 
other materials they have found and pulled together. 

New Measures of Assessing Learning 

Tests >lay a role in the learning process by tell- 
ing students what in the curriculum is important. 





. Photo cndit: OptM DtAB Corp. 

New developments with interactive multimedia make it possible to combine video, audio, and graphics to provide 
information in varying formats the teacher can control and access quickly.' 
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If, for example, testing is confined to memorizable 
end results, teachers will teach facts and students 
\yill memorize them to score well on tests, ignoring 
the more sophisticated levels of understanding and 
reasoning which education aims to foster. At pres- 
ent, very little school testing is directed toward 
-measuring students' conceptual understanding. Re- 
searchers suggest the need to devise new assessment 
strategies that analyze the attainment of nontrivial 
skills, with particular attention to "complex think- 
ing skills" such- as the ability to generalize appro- 
priately, to invent analogies and use them critically, 
to take problems apart into interacting parts, to ef- 
fectively manage and.deal with complexity, to lay 




Photo cndlt) K9l$mBioo Ar»M Mathematics Center 

New kinds of problem solving are rnade possible using 
" the real-life tools of mathematics, a graphing 
calculator and computer. 



out a procedure as a sequence of approximations 
which converge to a solution, and to analyze a sit- 
uation firom a viewpoint other than one's own. 

Another important feature of testing should be 
the ability to diagnose the student's present level 
of conceptual understanding, taking into account 
the preconceptions or misconceptions he or she 
brings to the learning situation. These prior beliefs 
may firustrate ^-raditional instruction and need to be 
identified so that the teacher can address them 
appropriately. Research is needed to develop instru- 
ments for measuring deep conceptual understand- 
ing and diagnosing prior understandings. 

An additional approach to assessment calls upon 
learners to evaluate themselves as they are learn- 
ing (e.g., testing comprehension in reading) and to 
work strategically to overcome difficulties as they 
are experienced. Here, too, today's tests are inade- 
quate for self-assessment of understanding or skills. 

Research on How Technology 
Affects Teaching and the Social 
Structure of Schooling 

A last but important area of educational research 
focuses on the social context in which learning takes 
place. For example, teachers can make a difference 
by creating and maintaining an open environment 
in which making mistakes is an accepted part of the 
learning process, and in which different approaches 
to problems are welcomed as opportunities for group 
learning. Such an environment appears to influence 
whether a student treats work on a problem as an 
opportunity for learning or as an occasion for fail- 
ure and low self-image. And a teacher's negative ex- 
pectations for a student's performance often become 
self-fulfilling. The computer, with its immediate and 
private response to the student's input, can be one 
antidote. 

Social relations with p •ers ir. the classroom can 
also be harnessed to contr' rate to cognitive growth. 
Numerous studies indicate that group discussions 
of strategies for solving a problem can be important 
vehicles for learning, by making explicit to each 
member the merits of different approaches and view- 
points. 

All the ways technology can enhance what stu- 
dents learn, how learning is measured and how the 
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curriculum can be reconfigured will have major im- 
plications for the teacher's role (see chapter 5). With- 
out new training efforts to teach vith, not about, 
technology, the innovations disrussed above will 
make little impact on educaticr- As one researcher 
said: 

The problem with education now is not what stu- 
dents are capable of, but what teachers are capable 
of, given their previous education. The main prob' 
lem of educational research and development is to 
educate teachers to teach to students* conceptual 
understanding, and to teach them to diagnose stu- 
dents* alternative frameworks for thinking about 
what is being taught." 

Few experts see the technology replacing the 
teacher. Some believe that this is what intelligent 
tutors are being designed to do, but most think only 
a small part of formal education can be mechanized 
in that fashion. Instead, most experts see ways in 
which the computer can be used to revitalize the 
teaching profession. For example, the computer 
could provide better ways for teachers to see incre- 
mental changes in students* understanding of con- 
cepts to diagnose areas of special difficulty. This will 
improve teachers* abilities to teach based on an un- 

^^Suian Carey, "Cognitive Science and Science Education," Amcr' 
icsn Psychologist, vol. 41, 1986, pp. 1123-1130. 



derstanding of the student*s particular stumbling 
blocks. 

Computers could also help make the teacher's role 
more one of "coach** than delivery agent of learn- 
ing. Such tools as microworlds, word processors, and 
database programs enable students to work individu- 
ally or in small groups focusing on problem solving 
activities. In this mode, peer barning is facilitated, 
while the teacher guides the students in a process 
of discovery learning. (See box 7-D.) Some see this 
as an even more intellectually challenging role for 
teachers than that required in the lecturer/test- 
deliverer teaching model common today. Computers 
could also promote more effective learning for the 
teachers themselves as they use technology in preser- 
vice, inservice, and networking activities. 

Technologies may have a special role to play in 
research on the "microsystems** of schooling,, which 
deal with the social organization of instruction and 
curriculum content. For example, networking tech- 
nologies could fundamentally change the commu- 
nication systems of classrooms, connecting teachers 
and students to a nearly limitless number of learn- 
ing and teaching resources, including information 
databases and teachers, specialists, and others stu- 
dents, as close as the next seat and as far as across 
the ocean. 



BARRIERS TO IMPLEMENTATION 



A number of barriers stand in the way of mov- 
ing from research to application in the classroom. 
Many educators fear that without major restructur- 
ing of schools, such as allowing teachers much iitbre 
flexibility in controlling the curriculum, opening up 
the time-in-grade system to that of student move- 
ment based on individual progress in meeting in- 
structional goals, and oiner improvements to the 
educational system, no significant changes will or 
can be made, with or without technology R&D.^ 

^Technology can never replace teachers. But the lack of new tech- 
nologics in our schools— or the use of technology as if it were no more 
than a modern blackboard or drill sheet— is certainly squelching real 
teaching and learning. We've always ta^' :d about getting out of the 
rut cf teaching as information dispensing ?nd overcoming a one best 
system' cf student learning that denies individual differences and needs, 
despite all our rhetoric to the contrary. Well, in technology we have 
the ojjportunity. The question is, will we take it and what will wc do 
with it?" Al Shanker, president; American Federation of Teachers, per- 
sonal communication, Mar. 22, 1988. 



Problems of funding, leadership, and strategic 
planning have been highlighted in previous sections 
of this chapter, while others are discussed in detail 
in othtr sections of this report (see chapter 5 on the 
teacher's role and chapter 6 on software). There are 
additional barriers: 

• The lack of consistent stable funding means that 
ideas rarely can be sustained through experi- 
mental and applied development with appro- 
priate classroom testing and evaluation. Proto- 
type development is not enough to bring the 
results of basic research into classrooms. 

• The hardware necessary to conduct sophisti- 
cated artificial intelligence research is extremely 
expensive. Small grants or contracts to research- 
ers v;Ill not suffice. 

• The installed base of technologies in the schools 
today is no*" nowerful enough to run some of 
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the more sophisticated software applications 
produced by advanced research. In order to ex- 
periment with advanced applications, research 
projects need to be allied with schools and make 
the necessary advanced hardware systems avail- 
able to them.^^ 
• There is need for long-term comprehensive 
evaluations of different approaches, including 
those utilizing technology. Schools are justifia- 
bly cau:ious about using real students as "guinea 



^fe example, in ordef; to test the Qcometry Tutor in schools, the 
researchers at Carnegie-Mellon University had to loan computers to 
the test sites in the Pittsburgh schools. The Geometry Tutor's high- 
level software required more powerful machines than the schools had. 
Althougl the final version has been adapted to run on a Macintosh, 
even these are rare in viigh schools at this time. 



pigs" for radical approaches without some track 
record of success. 

• There is a shortage of research scientists to do 
this kind of interdisciplinary research. Currently 
we have not infused . • enough sense of na- 
tional emergency into the work to attract them 
away from other attractive projects."^ 

• Differing design features in the technology be- 
devil the education R&JD community and prac- 
titioners. Many argue for standards in interface 
design so research can translate across ma- 
chines, to ensure compatiblity, to reduce learn- 
ing time for users, and to make finding and stor- 
ing data easy for even the youngest students. 

George Miller, Pnnccton University, personal communication, De- 
cember 1987. 



POLICY OPTIONS 



The Federal Government has a clear responsibil- 
ity in supporting R&dD for educational technology. 
Only the Federal Government can marshal the 
resources to conduct the R&D necessary for the 
development of high quality teaching tools and 
materials, for creating and testing technological 
systems^ and for demonstrating and evaluating the 
applications of technology to a wide range of 
educational problems/Several options are possible. 

Option 1: Take No Action 

Under this option, current levels of funding and 
organizations for educational technology R&D in 
Federal agencies would be maintained. Some sug- 
gest that the existing Federal organization for R&D 
is appropriate and has served to support important 
research that eventually makes an impact on class- 
room teaching and learning. Under this option, 
funding for technology would probobly reflect Fed- 
eral budget restrictions. The private sector could be 
encouraged to provide greater support for educa- 
tional technology R&D. 

This approach would be appropriate if we wish 
to maintain the status quo. Some educators feel that 
technology is overrated and costly. They contend 
that educational priorities must first address mea- 
sures that upgrade the teaching profession and re- 
structure the organization of schooling. However, 



these reforms are also very costly and carry no guar- 
antee of improved student learning. The promise 
offered by new technologies for improving learning 
suggest that, although technology has significant 
costs, it could be as promising an investment oppor- 
tunity as any other major school reform proposals. 

Furthermore, maintaining the current level of ef- 
fort for Federal R&JD on technology could result 
in missed opportunities for significant educational 
change. Existing problems in Federal support for 
R&D (gaps in subject areas, poor coordination, in- 
ability to support major, long-term research projects, 
shortages of research facilities and manpower, and 
lack of classroom testing and evaluation of prod- 
ucts an i procedures) would be perpetuated. Finally, 
adopting a policy of no change would send a signal 
to the education and research communities that 
technology is not a priority area for educational im- 
provement. 

Option 2: Increase Resources in 
Existing Programs 

Congress could direct Federal agencies to provide 
a greater focus on educational technology R&D and 
increase funds for the R&D budgets of existing tech- 
nology programs. As shown in tables 7-3 and 7-4 
and in appendix C, there are many programs that 
could do more if resources were increased and cor^- 
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gressional intent were made clear. Congress could 
direct the Department of Education and NSF to in* 
crease funding for R&D in these programs, while 
also increasing funding for the 6.1 research compo- 
nents in DoD which contribute to this effort. 

Under this approach, agencies could plan to tar- 
get greater amounts of money over the next 5 to 
10 years to R&D in technology. Staged growth 
would allow for support to greater numbers of grad- 
uate researchers whose growing expertise could seed 
further research. Funds could be targeted at several 
levels: to individual researchers, to existing centers 
such as NSF and the Department of Education's 
Technology Center, as well as other laboratories and 
centers. These grants and contracts could require 
school system collaboration, and might require cu»* 
tributions from the private sector to leverage Fed- 
eral dollars. 

Larger levels of support could make possible an 
integrated approach to curriculum development in 
areas of special need which require stable, long-term 
support. For example, a recent NSF planning grant 
for a pilot demonstration on the use of advanced 
technologies concluded that . . in the absence of 
private sector investment in the computer curricu- 
lums necessary . . . the Federal Government should 
subsidize their development at an estimated cost of 
$20 million for eight secondary-school science and 
mathematics courses.*^" This same report suggested 
that a front-end investment of between $1 million 
and $3 million per course is necessary to begin such 
large scale efforts. Similar levels of effort would be 
required in other areas of the curriculum. 

However, increased funding is not likely to resolve 
other problems of research coordination and long- 
term implementation. 

Option 3: Facilitate R&D Transfer 
and Applications 

Congress could direct the Federal agencies to 
adopt policies which would enhance R&D trans- 
fer within and across agencies, and fron*' laboratories 
into schools. Activities could include: 



^'Arthur S. Melmed and Robert A. Bjrriham, New Info m;»'iun 
Technology Directions for American Fiucation," Report lor the Na 
tional Science Foundation, December :%7. 



Interagency funding of projects. This is one 
mechanism that could increase coordination and 
support larger effcrts.*^^ However, past experience 
with this approach points to difficulties of securing 
interagency agreements on objectives, proceduies 
for awards, and requirements for reports or con- 
tracted products. Congress has sometimes viewed 
joint funding as duplicative. 

Collabf ration among programs. Support from 
a variety of discretionary or operating funds within 
agencies can bring together Federal program 
managers, in-house researchers, and external grant 
and contract recipients to present findings on work 
in progress. Meetings on topics of mutual interest 
could provide cross-fertilization of research ideas. 
With better awareness of work in progress. Federal 
officials could targe*" discretionary and operating 
funds to developments that seem most promising, 
as well as to areas where gaps exist. 

Coordinating activities and meetings of this scale 
requires resources— staff time and funds for tra*'el 
and per diem. While these are not large expendi- 
tures, many grants today, especially in the Depart- 
ment of Education, do not include travel funds for 
researchers, nor have agency staff been encouraged 
to travel to professional meetings. 

Electronic networks for research and dissemi* 
nation. The history of ARPANET and the recent 
establishment of research networks in NSF demon- 
strate the important resource these provide for com- 
munication and collaboration among funders, re- 
searchers, school practitioners, and policymakers. 



^he Departments of Education, Labor, md Defense have sup^ 
purted an innuvativc technology transfer program involving the mih^ 
tary's Job Skills Education Program (JSEP). Representatives from each 
agency met for nearly 2 years as an Interagency Working Group on 
Adult Literacy to accomplish this transfer. With joint funding from 
the Department of Labor ($500,000) and the Department of Educa* 
tion ($128,000), the military's computer-based job skills educational ma^ 
terials are being converted for use in functional literacy programs in 
the civilian sector (students in high ^chool and adults in other prO' 
grams). Rorida State University and Foid Aerospace Corp. will trans- 
fer the JSEP materials for use on IBM compatible hardware and de- 
velop manuals for using the system. Staff from the Army Research 
Institute who had worked directly on the JSEP program coordinated' 
the details of making this technology transfer feasible. The Depar»!r.c it 
of Labor is funding three demonstration sites in California, Delaware^ 
and Indiana, where State vocational education and Job Training Part' 
nership Act personnel are plavs'ng a key role. New York State is sup* 
porting two demanstrntion sir ,s as well. Karl Haigler, director, Adult 
Lterac> Inmtive, U.S. Department of Education, personal commu- 
nication, June 1988. 
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Nevertheless, various research communities have 
limited access to one another, with the education 
community the most infrequent user. Congress may 
want to study how national networks can better 
serve the needs of the education and research com- 
munity, especially as rising :osts discourage network 
usage. 

Congressional oversight. Congress could request 
an annual or biannual report that: a) reviews the 
activities of all Federal agencies involved in educa- 
tional technology, b) identifies opportunities to 
transfer technology from one type of activity to 
. another, and c) recommends steps to be taken for 
frirther research or in transfer activities. Requests 
for periodic reports to Congress are not unprece- 
dented, particularly in areas of rapid development 
and high national interest. Periodic reports could 
motivate agencies to collect and analyze informa- 
tion in a more systematic fashion. 

Agencies may consider this an extra reporting bur- 
den. Some agencies are organizing information on 
technology funding and project scope for their own 
purposes (e.g., DoD), but considerable resources are 
required to make information databases useful. As- 
sembling an annual report would require expendi- 
tures to provide trained personnel to coordinate the 
assessment and the computer support for develop- 
ing and maintaining databases. 

Option 4: New Initiatives 

TTie magnitude of the problems facing education, 
increasing demands for a better trained populace to 
meet international economic competition, and 
promising applications of technology for learning 
argue for a different approach. More than band-aids 
on the existing system may be required; instead, 
some suggest consideration of totally new initiatives 
that would provide a national focus on technology 
and educational improvement. That technology can 
improve the productivity of the workplace is no 
longer in doubt. Whether it can offer comparable 
improvements to education needs to be tested. Ma- 
jor commitments to R&D could explore classroom 
applications and changes to make learning more 
productive: allowing teachers time to spend with in- 
dividual students, coaching and tutoring them; and 
tailoring instruction to each student's level of un- 
derstanding, learning speed, and learning style. To 



find out whether these goals could be realized re- 
quires a major investment in R&D. Perhaps it is 
time for education to invest the same fraction of 
gross expenditures on research. as does the average 
privately owned business in the United States. If 
that were the case, about $9 billion a year would 
be spent for education research. This is 60 to 90 
times more than the present allocation.^^ 

Options incorporating this level of focus and in- 
vestment include support for centers for interactive 
technology and education, major long-term dem- 
onstrations of technology in schools, and funding 
a national "education futures" project, or a combi- 
nation of the above. 

Centers for interactive technology and educa* 
tion. These centers would conduct research, devel- 
opment, demonstration, evaluation, and dissemina- 
tion of educational technology projects.^ TTiey 
would be tied closely to schools and involve teachers 
in research. The work could be modeled on the De- 
partment of Education's Edu'iational Technology 
Center; the differences would the scale of effort 
and funding, the interdisciplinary research focus, 
and the long-term commitment. Such centers would 
have several attractive characteristics. They would 
encourage the coordination of technology use in 
teaching and learning. TTiey would integrate all 
stages of R&D, from science to classroom, in one 
setting, providing opportunities for technology 
transfer among the center and schools, Federal lab- 
oratories, private industry researchers, and univer- 
sity research. They would stabilize the R&D effort, 
making it possible to attract and keep the best per- 
sonnel who could see projects through to final evalu- 
ation and dissemination. There would be economies 
of scale, making it possible to support costly ad- 
vanced hardware and bring together a variety of 
people from various specialities, enriching the re- 
search mix. Finally, centers would provide training 
opportunities for teachers and graduate students, 
enlarging and enriching the manpower pool for edu- 
cational technology R&D. 

But there are drawbacks. Such centers are expen- 
sive. A new major funding commitment (from $5 
to $10 million per year) in a time of budget deficits 



Sec Office of Technology Assessment, op. cit., footnote 1, p. 49. 
For a fuller discussion and description of centers for interactive 
technology and education, see Pea and Soloway, op. cit., footnote 44. 
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may be unrealistic. Centers could duplicate current 
efforts. What would be their relationship with ex- 
isting Federal centers and their research in this area? 
Would important work in progress now lose sup- 
port to continue? Would independent researchers 
still be supported for smaller efforts not tied to the 
work of the centers? Would new centers strip exist- 
ing university research centers of their best people, 
given the shortage of highly skilled personnel? Fi- 
nally, the long lead time for research applications 
to reach fruition could be politically unpopular and 
jeopardize future funding. Experts estimate that 
many products in the RSiD pipeline now could take 
a decade or more before they can be expected to 
make^a significant impact on the classroom. 

Long-term demonstrations of technology* The 

scale and scope of these demonstration schools 
would be much larger than current demonstrations 
that typically focus on one technology product or 
process with just one class or a small group of 
students in a school. Technology demonstration 
schools could be representative of the student pop- 
ulation nationwide and involve all the school re- 
sources (teachers, researchers, equipment, curricu- 
lum, parents, community support) for applying 
technology in school activities. Demonstration sites 
would make it possible to evaluate the educational 
effects of a technology-rich school environment. 

The costs of setting up and sustaining demonstra- 
tion schools would be large, requiring the Federal 
Government to reimburse States and local districts 
for the extra required resources. States and districts 
sponsoring demonstration sites would have to agree 
to relax standard requirements for curriculum, 
teacher staffing and salaries, and organizational and 
administrative restraints, in order to provide a site 
allowing for experimentation. And not all schools 
would benefit equally at first, raising concerns about 
equity and the choice of sites. 

A "national education futures initiative" for re* 
search, development, and demonstration in educa^ 
tional technology/* This option, on the order of 

^'Models for this level of effort include the Manhattan Project in 
atomic energy and the Apollo Mission to put a man on the moon. 
Both these programs sprang from a sense of national emergency and 
concentrated human, financial, and technological resources in a clearly 
articulated strategic plan of action. A national education futures ini- 
tiative would not have the simply defined technical goal that charac- 
terized Manhattan and Apollo, but would focus national resources and 
provide momentum and commitment. 

o 
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$1 billion per year for 10 years, could include the 
initiatives suggested above, as well as support all 
levels of research, development, and demonstration; 
teacher training; software development; longitudi- 
nal and comparative evaluations; and dissemination. 
Congress could include a sunset provision, using the 
year 2000 as an endpoint, a period in which the Fed- 
eral effort would make enough of an impact on edu- 
cation to create significant change. In addition to 
focusing the Nation's attention on technological 
solutions, an initiative of this order could also 
strengthen the hardware, software, and telecommu- 
nications industries, which have become important 
industries for U.S. economic competitiveness. Many 
educators have suggested that the magnitude of U.S. 
educational problems, and the Nation's decreased 
economic competitiveness, require an initiative on 
this order. 

This effort would require the establishment of a 
coordinating body— possibly a new institution made 
up of staff from existing Federal agencies, univer- 
sity laboratories, school personnel, and members of 
he private sector/^ It would draw resources, both 
;^ersonnel and financial, from other sectors as well 
as from other approaches to educational improve- 
ment. Other social programs might suffer ftindin^ 
cuts to support an educational buildup of this or- 
der. Finally, this level of Federal activity in educa- 
tion could prove politically difficult if it led to the 
development of national curricula or national educa- 
tion al standards, or if the public became impatient 
and did not detect significant educational improve- 
ments after the first few years of ftinding. 

Option 5: Support International 
Cooperation 

The European community, Canada, Australia, Ja- 
pan, Israel, the Soviet Union, and other nations are 
embarking on major efforts to use interactive tech- 
nologies to improve instruction. These efforts share 
common concerns, experiences, and outcomes with 
U.S* educational technology activities, despite vary- 



^^In hearings on Federal educational research, the British "quango" 
was suggested as a model for a public/private coordinating agency. See 
Major R» Owens, chairman, Subcommittee on Select Education, House 
Commitiee on Education and Labor, "Opening Statement," Oversight 
Hearings on the Office of Educational Research and Improvement, Apr 
20, 1983. 
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ing educational goals and cultural differences. There 
is much we can learn from one another. 

As information technologies are used to link stU' 
dents and classrooms all over the world, it may be 
appropriate to support larger efforts for international 
cooperation. Congress may wish to consider inter- 
national cooperative efforts such as sponsorship of 
conferences,^^ exchange of researchers, and joint 
funding of projects. Models for this occur in other 
areas of science, but little has been done to date tor 
cooperative educational technology projects. As the 
Chairman of the 1987 Organisation for Economic 
Development and Cooperation conference stated: 

Some educators would advise caution and warn 
against the possibility of creating too great expecta- 
tions. . . . Such views are praiseworthy but we 
should not be daunted by the magnitude of the task. 
The application of information technology to edu- 
cation requires new and imaginative approaches. 
The potential return is very high indeed.^ 

*^The Center for Educational Research and Innovation of the Or- 
ganisati'on for Economic Cooperation and Development has sponsored 
international conferences on education and information technology. 
See Organisation for Economic Cooperation and Development, New 
/n/brmar/on Technologies: A OiQlIeuge for Education (Pans, France: 
1986); and Organisation for Economic Cooperation and Development, 
Information Technologies anc/ Basic Lestrnfng (Paris, France. 1987). 

^Quote from Denis Healy of Ireland, /n/brmar/on Technologies ant/ 
Basic Learning, sponsored by the Center for Educational Research and 
Innovation (Paris, France: Organisation for Economic Cooperation and 
Development, 1987), p. 13. 



On the other hand, some would argue that the 
resources available for enhancing educational tech- 
nology in this country are already scarce. To attempt 
to support international efforts might put too great 
a strain on our system. Others suggest that the cen- 
tralized educational systems of other industrial na- 
tions, or the special problems of developing nations, 
would make it hard to generalize research results 
into useful programs for this country. More study 
is needed to identify the U.S. position with regard 
to other countries and to consider ways in which 
international efforts could proceed. 



Conclusions 

OTA concludes that increased coordinated sup- 
port for R&D in educational technology is neces- 
sary. Significant improvements in education can be 
made if sustained support is made available for de- 
velopment of new tools for teaching and learning. 
The private sector, while a contributor to this ef- 
fort, does not have the primary responsibility or 
appropriate vision for making this a priority. States 
and localities do not have the capacity. The mag- 
nitude of the challenge facing education, allied with 
the potential offered by new interactive learning tech- 
nologies, requires that the Federal Government ac- 
cept this responsibility and opportunity for leadership. 
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Chapter 8 

Technology and the Future of 
Classroom Instruction 



. . . the computer is an innovation of more than ordinary magnitude, a one-in-several-centuries 
innovation and not a one-in-a-century innovation cr a one-in-ten years innovation or one of 
those instant revolutions that are announced every day in the papers or on television. . . . 

Herbert A. Simon* 

What we need to do, then, is to educate as though this technological revolution is what it really 
is— the third learning revolution— the most important change in learning since the 16th century. 

Mary Alice White^ 



INTRODUCTION 



The current wave of educational technology, 
which began roughly in 1981, when schools first be- 
gan acquiring computers in large numbers, is a good 
news, bad news, good news story. The good news 
is that schools showed a remarkable willingness 
to invite computer technologies into the class* 
room, and to see how these interactive cognitive 
tools could be applied in a setting devoted in large 
part to training young minds to think. American 
schools are often criticized for their slowness to 
change,' for tKeir lag in adapting to modern times. 
Yet their eager embrace of computer technology may 
signify a break with the past: despite the constraints 
of local budgets and the exigencies of distributional 
equity,"' the United States has been among the 
world's leaders in providing public school children 
access to new technologies. The fact that U.S. 
schools were willing to meet the challenge of the 



'Herbert A. Simon, "The Computer Age," Compuiers in EducS' 
f/on; Realizing the Porenr/a/, Report of a Research Conference (Wash- 
ington, DC. U.S. Department of Education, Office of Educational Re- 
search and Improvement, August 1983), p. 37. 

^Mary Alice White (ed.), "Information and Imagery Education," 
WhaT Curriculum for ihe Informaxion Age/ (Hillsdale, NJ. Lawrence 
Erlbaum Associates, 1987), p. 63. 

^Scc, for example, David K. Cohen, "Educational Technology and 
School Organization," paper prepared for the Conference on Tech' 
nology in Education in 2020: Thinking About the Not'Distant Future, 
Harvard University Educational Technology Center, Oct. 15-17, 1986. 
This conference was supported in part by OTA. This paper and others 
presented at the conference will be published in Raymond S. Nicker* 
son and Philip P. Zodhiates (eds.), Technology in Educaxion in 2000 
(Hilldale, NJ: Lawrence Erlbaum Associates, in press). 

''See James Guthrie, "Campaign '88 and Education: A Primer for 
Presidential Candidates," Pbi Delta Kappah^ vol. 69, No. 7, March 
1988, pp. 514-519. 



new information world and to attempt to integrate 
a nascent tool into their already dense curricula is 
perhaps more important than the limited "proof 
of educational improvements. 

The bad news, however, must be reported too: 
even this remarkable achievement in the schools 
pales in comparison with the rate and magnitude 
of entry into the age of information experienced 
by business, the military, higher education, and 
medicine. A handful of classrooms have one com- 
puter for each child and another one for the child 
to use at home (see box 8'A). But in general, class- 
rooms today resemble their ancestors of 50 and 100 
years ago much more closely than do today's assem- 
bly plants, scientific laboratories, and operating 
rooms. A number of information technologists point 
out that if business organizations today evolved at 
the same rate as the schools, they would still be using 
quill pens instead of electronic word processors. It 
might be argued that the complex goals of educa- 
tion are not necessarily advanced by application of 
new electronic gadgets, and certainly not in the same 
obvious way that accounting tasks have been sim- 
plified with the electronic spreadsheet or file man- 
agement has been streamlined with database systems. 
Nevertheless, the chasm in technological sophisti- 
cation between our schools and the environment 
in which srudents will work gives pause. 

But there is more good news: under the right 
conditions there is reason to hope that the new 
technologies will continue to spur major school 
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improvements. Polled for their interest in emerg- 
ing technologies, over 20 percent of public school 

^ teachers were found to be "very interested" in net- 
works, integrated learning systems, on-line database 

; access, and distance learning. Perhaps even more 

impressive, 31 percent of surveyed teachers indicated 

; that they . . would like to see publishers concen- 
trate on developing innovative programs that teach 
problem solving and higher order thinking skillsy'' 
while 17 percent desire software that . . reinforces 

V, and closely matches the skills taught in the basal 
textbook series."^ 



SALMIS, "The K-I2 Market for Technology and Electronic Me- 
dia: A Research Report Prepared for TALMIS Continuous Informa- 
tion Service Clients/* unpublished manuscript, March 1988 (italics 
added). 



If this level of enthusiasm can be sustained* new 
information technology may prove to be a prin* 
cipal catalyst of educational improvement. Some 
of the economic and institutional prerequisites have 
been the subject of preceding chapters. This chap- 
ter takes a close look at the technology itself, and 
asks: What can state-of-the-art information tools do 
for classroom learning? 



CONVERGENCE OF INFORMATION TECHNOLOGIES 



As indicated earlier (see chapter 2) the desktop 
computer is currently the prevalent electronic tool 
used for instruction in U.S. elementary and second- 
ary schools. However, along with acquisition of com- 
puters, schools are gradually becoming consumers 
of communications and mass storage (memory) tech- 
nologies. The former refer to technologies that con- 
nect students or teachers working in different places 
via phone lines or other electronic link; the latter 
are devices that store large quantities of data, such 
as magnetic disc or optical media. Many of the new 
learning tools are computer related: they must be 
connected to a computer to be functional. Others 
can be used independently, but their appeal stems 
largely from a principle of "interactivity" made fa- 
miliar by computers. In video, for example, which 
is already found in over 90 percent of schools, the 
advantage of the videocassette recorder (VCR) over 
ordinary television is "time shifting.'' Few teachers 
today would settle for less than the ability to con- 
trol the timing, if not the selection of televised 
programs. 

It is the convergence of information technologies 
that holds the greatest potential for the development 
of new learning and teaching tools. In some instances, 
the three principal information technologies— com- 
puter processing, telecommunications, and television 
(video)— have already converged into state-of-the- 
art instructional applications. A good example is the 



marriage of video and computer technologies through 
digital video interactive (DVI), developed by re- 
searchers at the David Sarnoff Laboratory. The 
Center for Children and Technology at the Bank 
Street College of Education has applied DVI to a 
project called PALENQUE, which affords users a 
television "walking tour" of that ancient Mayan vil- 
lage, as well as the occasion to control the direc-. 
tion and order of their tour (see photo). Perhaps 
most exciting about PALENQUE is that users can 
collect images in a "scrapbook" for future viewing 
and studying. 

There are other examples of convergence. The 
Kids Network Project uses computing and commu- 
nications to allow children to collect and process 
scientific data and transmit their findings to peers 
across the country/ Electronic teleconferencing, 
made possible by the convergence of television and 
switched (telephone) communications technologies, 
is commonplace in large corporations and is grad- 
ually finding applications in schools. 

Distance Learning 

Although instructional television has been widely 
used for several decades, more recent advances that 

*Fcr details, see Technical Education Research Centers, "National 
Geographic Society Kids Network Project. Annual Report, October 
1986'September 1987," n.d. 
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enable teachers and students to communicate in- 
teractively over thousands of miles have special ap- 
peal. There are many rural and isolated communi- 
ties with teacher shortages where "distance learning*' 
has overcome potentially significant instructional 
barriers. Distance learning allows students to hear 
and sometimes see teachers, and, perhaps more im- 
portant, allows those teachers to react to students* 
questions and comments. The declining costs and 
increased accessibility of satellite technologies have 
enabled 35 States to support some type of distance 
learning program^ (see figure 8-1). Transmission 
methods vary. Some involve two-way video and audio 



^Electronic Learnings "Educational Technology 1987: A Report on 
EL's Seventh Annual Survey of the States," vol. 1 , No. 2, October 
1987, p. 41. 



while Others make use of electronic mail services for 
communication and evaluation of homework. 

Some State distance learning programs offer 
courses developed and taught by local educators, 
while others offer courses provided by universities, 
private organizations, or other States. In most cases, 
distance learning courses are similar to regular 
courses, with teacher lessons, print-based materials, 
and tests. For example, TI-IN Network, Inc., a 
Texas-based private company, provides courses and 
staff development opportunities via satellite to more 
than 250 subscribing school districts and other 
educational agencies in Texas and in over 20 other 
States. During the 1986^7 school year, TI-IN offered 
23 high school courses, including calculus, honors 
English, Latin, and computer science and over 400 



Figure 8*1.— States With Distance Learning Projects 




States with dstance learning proiects 
States with no distance learning projects 



SOURCE: f/ecfro/i/c Learning^ "Educational Technology 1987. A Report on EL's Seventh Annual Survey of the States." No. 2. October 1987. 
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hours of inservice training. Master teachers in each 
subject broadcast their courses from studios located 
in San Antonio and at California State University 
in Chico. Each subscribing school receives the sig- 
nal via satellite. Students view the lesson and com- 
municate with the teacher via a telephone call-back 
system. Students who miss a class need not miss a 
lesson but can watch it later on videotape.^ 

New transmission technologies, such as fiber op- 
tic cables, will help facilitate the delivery of video, 
audio, and computer communications allowing 
many more signals to travel over one fiber than can 
travel over many conventional copper cables. As 
one example, seven rural school districts in Min- 
nesota use a system of fiber optics, multiple video 
monitors, and cameras to link together classrooms 
up to 78 miles apart so that the teacher can see stu- 
dents in up to three other locations simultaneously. 
The originating classroom has eight video monitors 
and three cameras: one on the teacher, one on the 
students, and one above the teacher's desk for dem- 
onstration materials. Three monitors, a camera, 
microphone, and telephone are installed in each re- 
mote classroom.^ 

Facsimile transmission (fax) is another technol- 
ogy that has recently become inexpensive enough 
to be used in distance learning projects. Fax units 
now cost about $1,000. Students and teachers with 
access to such machines can send documents over 
telephone lines: each telephone in a fax link is con- 
nected to a device about the size of a VCR, which 
produces a printed copy of transmitted material. 
What normally would require photocopying and 
mailing of a document can be accomplished in 
minutes. 

Networking 

Networking is a generic concept that includes 
different types of communications links, usually 
computer-related. Local area networks (LANs) 
connect the computers in a laboratory or school to 

^Gregory M. Benson, Jr. and William Hirschcn, "Distance Learn* 
ing: New Windows for Education/* TMEJouwalt vol. 15, No. I, Au- 
gust 1987. p. 63. 

^obin Lanier, "Interactive Telesystem Breaks New Ground," £/TV, 
June 1986, p. 35. For other examples of distance learning configura* 
tions see Karen Kitchen and Will Kitchen, Two-Way Interactive Tele 
vision for Distance Learning: A Primer (Alexandria, VA: National 
School Boards Association, 1987). 




Photo credit: Agency for Instructional Technology 



John M. Bedford, of the StrongsvIHe, Ohio school 
system, stands beside the satellite dish that receives 
programming directly from public station WVIZ. 

common data sources, programs, and peripheral de- 
vices such as printers. It is estimated that 13 per- 
cent of American public schools have some type of 
networked computer facility for instruction.*^ Typi- 
cally when LANs are installed they link computers 

"Salmis, op. cit., footnote 5. 
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already found in the school, and do not include spe- 
cial software for electronic mail or monitoring of 
student progress through computerized lessons. 
However, some experimental projects and recently 
introduced products incorporate such educational 
networking software. 

Modems are devices that permit the transmission 
of data over regular telephone lines. They have led 
to the creation of thousands of informal networks, 
users sharing ideas, programs, data, and messages. 
There are currently over 6,000 schools (about 7 
percent) with computers connected to modems." 
Schools, therefore, are slowly beginning to take 
advantage of the many available on-line financial 
services, news, database services, and public infor- 
mation networks that businesses and homes have 
enjoyed for years. Experimental projects have also 
been designed and implemented that exploit modem 
communications for nationwide sharing ofstudent 
research data (see box S-B). 

Some teachers reach their colleagues on-line from 
home via commercial networks like CompuServ or 
the Source, or via networks set up by their districts, 
regional education service centers, or State educa- 
tion agencies. Judging from lists published in the 
bulletin boards themselves, public access educational 
boards number at least in the hundreds, perhaps 
thousands. 

In addition, there are a growing number of on- 
line services designed expressly for teachers and stu- 
dents working in classrooms or school ^omputer lab- 
oratories.^^ One example is MIX, a commercial 
network for education operated by McGraw-Hill. 
In December 1987, high school students in differ- 
ent classrooms began participating in an interna- 
tional negotiations game, with each classroom rep- 
resenting an opposing power. Other conferences had 
students communicating with electronic pen pals 
across the Nation and in foreign countries; one al- 
lowed teachers and their students in agriculture 
classes to hold a corn growing contest (see table 8- 1). 

There are few teachers with telephone hnes in 
their classrooms, but many of them are creatively 



"Quality Education Data» Inc , Microcomputer Usage tn Schooh 
A QED Update (Denver. CO: spring 198S). 

"Earl Dowdy, "Compi- -r Networks in Elementary and Secondary 
Education,** OTA contractor report, October 1987, p. 4. 
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Tabh 8*1.— On>Line Confer^ncca lof Teachers and 
Students Avail»H!c to Subscribers to MIX (McGraw-Hill 
I'lirormation Exchange), December 1987 



Conference name Description 



stix.talk Discussion and Information about STIX projects 

penpals Student pen pal conference 

debate On-line debates for high school students 

student.books Student compiled books dbase: discussion 

round.robin Shared student story writing 

time.capsule Student collection of writing on one day 

writers.asslst Student writers* assistance by students 

video Student video exchanges 

logo.penpals Student pen pals via LOGO projects 

us.ussr Communications between Minnes'otan and Hawaiian stu- 
dents about USSR 

australian.reg Registration/information on the Australian Bicentennial 
Project 

living.hlstory Interact with living figures from history 

other^slde Global conflict simulation for students 

politics Student interaction with politicians 

orillas Bilingual and foreign language sister classes 

coordinacfon For Project Orillas Coordinators 

astronomy Minneapolis Planetarium staff on-line 

water Student water data coKectlon/discusslon 

flat.earth Students v. Flat Earth Society 

twistedsclence Students argue/explain science to Dr. Misconception 

science Science discussion, experts, data from 86*87 

zoo Minnesota Zoo Online 

weather Weather data and experts on-line 

plant Online plant growth data project 

weather. data Weather maps, tables, etc, from the u.S, Weather 
Service 



SOURCE: MIX, McGraw Hill Information Exchanga. Deceniber 1987. 

experimenting with networks. As shown in table 
8-2, there are already several exemplary efforts 
underway in various subject areas that exploit the 
convergence of processing and communications 
technologies. Cooperative science and writing 
projects for students are being developed by some 
groups; teachers and administrators are collaborate 
ing on curriculum research and development and 
writing with this technology. 

The number of commercial and informal networks 
is expanding as the cost of operating local bulletin 
boards is dropping. However, important policy ques- 
tions related to pricing and regulation of telephone 
communications must be addressed before network' 
ing becomes a regular feature of classrooms. In par- 
ticular, there is the question of whether informa- 
tion transfer companies (such as CompuServ or the 
Source) should pay access charges to local telephone 
companies (as do long-distance te!ephon<i com- 
panies).^^ 

**Thc Federal Communicators Cc«nmission recently pofiponed i,i 
definitely its ruling to clu rccss fees to information rxt working 



Audiographic Communications 

A different kind cf communications system, called 
audiographic, allows teachers or students in one 
location to communicate with others in distant loca- 
tions via a common electronic graphics system and 
telephone conference call. In Norwich, New York, 
18 rural schools are connected by telephone lines 
to a central location where a teacher wi\'h a regular 
class has an AT&T Alliance teleconferencing bridge. 
Each location also has an electronic graphics sys- 
tem, called the Optel Telewriter 1 1-PC, a desktop 
device that is easily moved from student to student. 
The students gather around the computer, tablet, 
and speaker phone. The teacher or any participant 
can then write on the tablet or type on the keyboard 
and their input shows up on all of the remote graphics 
system screens in the network simultaneously," 

Broadcast 

Broadcast television also has the potential to dis- 
seminate computerized information. Experiments to 
broadcast software to schools have been conducted 
by the Software Communications Service, an orga- 
nization of 17 State-licensed public broadcasting sys- 
tems and 5 Canadian provinces. A demonstration 
program in Maryland showed broadcast television's 
capacity to carry computer information, along with 
pictures and sound. It will eventually be possible to 
distribute instructional software to thousands of 
schools at a fraction of the cost of conventional dis- 
tribution,*' 

An experimental project in Kentucky takes advan- 
tage of slack in the State's enormously powerful 
Early Warning System network, a Department of 
Defense facility that provides advance notice of in^ 
coming missiles. A mainframe computer at West- 
ern Kentucky University uses telephone lines and 
the emergency broadcast system to communicate 
with terminals at the 21 participating schools. One 
advantage of this communication link is its cost- 
effectiveness: using long'distance calls to connect to 

companies following a massive "electronic" letter writing campaign 
mounted by subscribers to popular infurmatiun network services. Such 
fees would significantly raise the costs of telephone data communica- 
tions and could severely hinder schools* abilities to use bulletin boards 
and other networks. 

'^Benson and Hltschen, op. cit., footnote 8, p. 65. 

"Brian K. Callaha.i, director, Learning Technology , Central Educa- 
tional Network, personal communication, January 1988. 
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Table 8*2.-»Exaniples of Electronic Networking Projects in Education 



Project 



Subject/activities 



Participants 



Sponsors 



Big Sky 
Telegraph 



BreadNet 



De Orilia d 
Orilla (from 
Shore to Shore) 



Kids Network 



PSI Network 



Teacher training and support 



Writing project for Engiish 
teachers and their students. 
(Teachers pian iessons via 
computer conference or eiec- 
tronic maii; students exchange 
compositions and information 
eiectronicaiiy.) 

Biiingual education: communica* 
tion through writing to pro- 
mote bliinguai iiterarcy 



Science activities on weather 
forecasting, acid rain, water 
poiiution, etc. Students/ciass- 
rooms coiiect data, make 
measurements, anaiyze 
resuits, and share them via 
the network 

Technical assistance and infor- 
mation exchange in science 
education (People Sharing In- 
formation Network) 



114 one-room rural schools in 
Montana 



1,023 students, 60 teachers in 45 
classrooms in rural schools 
across the U.S. (2 sites in Lon- 
don and Lima) 



20 classrooms in San Diego, 
New England, Puerto Rico, 
and Buenas Aires. 5 class- 
rooms from Quebec Province 
to be added 

Students in grades 4*6 in 200 
classrooms, participating in a 
national field test and 
evaluation 



Inter- and intra*state computer 
conferencing system links 
State science supervisors and 
other science education 
policymakers 



Western Montana College; 

Murdock Charitable Trust; 

Mountain Bell Foundation; 

Fund for the improvement of 

Post Secondary Education 
Bread Loaf School School of 

English; Middlebury College; 

Apple Education Foundation; 

private foundations 



New England Muiti-Functional 
Resource Center, University of 
Hartford, and Quebec Ministry 
of Education 

Technical Education Research 
Centers/National Geographic 
Society; National Science 
Foundation 



National Science Foundation; 
IBM 



SOURCE: Office of Technology Assessment, 1988. 



the schools in remote areas would be prohibitively 
expensiveJ^ 

Integration of Technology 

In the future, many benefits will flow firom the 
implementation of digital integrated networks. These 
systems, such as the Integrated Systems Digital Net- 
work (ISDN), provide digital communications for 
voice, data, and video signals, and will make com- 
puter networks and related services much cheaper. 

^^ElcctTonic Learning, "Kcntuclcy^s CAI Capability/' vol. 5, No. 5, 
February 1986, p. 10. 



It may become possible for any home, office, or 
school to access any combination of computer pro- 
grams and video, data, or audio information sources 
from anywhere in the world. Due to enormous cap- 
ital costs and long-range planning necessary to in- 
stall this kind of "information infrastructure," most 
telephone companies target full implementation of 
ISDN for the beginning of the 21st century, at the 
earliest.*^ 



''For a discussion of Integrated Systems Digital Network see U.S. 
Congress, Office of Technology Assessment, International Competi- 
tion in Services (Washington, DC. U.S. Government Printing Office, 
July 1987). 



ADVANCES IN MEMORY AND DATA STORAGE TECHNOLOGIES 



The advent of cheap and efficient microminiaturi- 
zation in electronics has spawned new digital stor- 
age media that dwarf their low-density floppy-disc 
predecessors (see figure 8-2). Schools lag behind 
other sectors, including industrial and military train- 
ing, in the acquisition and implementation of these 



advanced technologies. Although today's typical 
classroom computer (such as the Apple Il-e) has 
much greater capacity than its forebears of 1 1 years 
ago (e.g., the Commodore PET), it is still extremely 
limited in the size of programs it can run (see table 
8-3). And although it is possible to link desktop com- 



795 



Figure 8-2.— Evolution of Computer Storage lUedia 






As new storage media have been developed, the density of information capable of being stored on each successive genera- 
tion of storage device has increased dramatically. For example, the 5V4-inch floppy disc represents a 150-fold increase In the 
amount of storage per square Inch over cassette tape. The 3V2-inch disc has approximately twice the density of the 5y4-inch 
disc. The storage density of CD-ROM is approximately 1,500 'omes that of the 5y4-inch disc. 



SOURCE: Office of Technology Assessment. 

puters to high capacity storage devices, the latter 
are still not found in most schools. Nevertheless, 
the capacity of interactive media to store entire 
libraries of information and to provide high reso- 
lution graphics, full-motion video, sound, and text 
has attracted a growing community of scholars and 
educators. 

CD-ROM 

Compact disc'read only memory (CD-ROM) 

units can store over 500 megabytes of digitized data 



and programs. There are already some integrated 
instructional systems that use CD-ROM to house 
software.'® Other examples include the General 
Post Office in Great Britain, which has placed 23.5 
million addresses on one CD-ROM; the 31 volume 
Grolier Encyclopedia] and Standard and Poor's 
Compustat PC PluSy a compilation of traded com- 
panies and annual report data. Only a handful of 



'^For one example see ch. 4. 
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Table 8-3.— Advances in Technical Capabilities of Computers Used in Schools, 1977-87' 



Computer 


Processor 


Memory 


Display^ 


Commodore Pet 


6502 


8K 


Blacl< and white; 40 characters by 25 lines 


Models 2001, 


8 bit 






4016, 4032 (1977) 








discontinued 








Radio Shacl^ 


Z.80 


1CK 


Black and white; 40 characters by 23 lines 


TRS-aO (1977) 


8 bit 






discontinued 








Apple 11+ (1977) 


6502 


48K- 


Colon 40 characters by 24 lines; 15 color low resolution at 40 by 48; 8 color 


discontinued 


8 bit 


64K 


high resolution at 280 by 192 


Texas instruments 


9900 


16K- 


Color; 32 characters by 24 lines; 16 colors at 256 by 192 


Tl 99/4A (1979) 


16 bit 


64K 




discontinued 








Atari 400/800 (1979) 


6502 


16K- 


Color; 40 characters by 24 lines; low resolution, 40 by 24, 16 colors; medium 


discontinued 


8 bit 


64K 


resolution, 160 by 96, 8 colors; high resolution, 320 by 192, 2 colors; (total 








available palate has 128 colors) 


Commodore Pet 


6502 


8K 


Black and white; 80 characters by 25 lines • 


Models 8032, 


8 bit 






8096, 9000 (1981) 








discontinued 








Radio Shaci< 


6809 


4K- 


32 characters by 16 lines; 8 color low resolution at 32 by 16; black and white 


Color Computer 


8 bit 


32K 


high resolution at 256 by 192 


(1981) 








IBM PC (1981) 


8088 


64K- 


Black and white; 80 characters by 25 lines; color (optional) 16 foreground and 




16:8 bit 


128K 


8 background colors; high resolution, 320 by 192, 4 colors 


Commodore 64 


6510 


64K 


40 characters by 25 lines; 16 colors at 320 by 200 


(1982) 


8 bit 






IBM PC Jr. (1983) 


8088 


64K- 


80 characters by 24 lines; 4 color high resolution at 640 by 200; 16 color. 


discontinued 


16:8 bit 


128K 


medium resolution at 320 by 200 


Apple lie (1983) 


6502 


64K. 


40 to 80 characters by 24 lines; 7 color high resolution at 280 by 192; 16 


8 bit 


128K 


color low resolution at 40 by 48 


Macintosh (1984) 


88000 


128K- 


80 characters by 24 lines; black and white screen resolution at 512 by 342 


32:16 bit 


51 2K 




Apple lIGS (1986) 


65816 


256K- 


40 to 80 characters by 24 lines; 4 color high resolution at 640 by 200; 16 


16 bit 


1 Mb 


color medium resolution at 320 by 200 


IBM PS2 - Model 25 


8086 


640K + 


80 characters by 24 lines; 256 color high resolution at 720 by 400 


(1987) 


16:8 bit 







^ese speciftcatrons represent the most typical configurations found m the classroom and do not reflect the many variations that are possible with penpherat add-on 
memory and color cards, for example, 

^Manufacturer's specifications are not always consistent in the description of graphics resolution modes and display capabilities. 



SOURCE: Office of Technology Assessment, 1988, 



U.S. public schools, however, currently own CD- 
ROM units.*^ 

Analog, Digital, and Optical 
Storage Media 

Phonograph records, audiotapes, and videotapes 
have long been used to store pictures and sound, 
and have become abundant in schools as the costs 
of consumer electronics have dropped. The videO' 
cassette recorder for example, is now found in most 
schools, and offers several important feanires: teachers 
can record and play back selected broadcasts, they 
can rent or purchase selected tapes, and they can 

'TALMIS, op. cit., footnote 5, reports between 2 and 5 percent of 
schools with CD-'ROM, depending on grade level. 



preview programs on their home VCRs. In addi- 
tion, the VCR is a simple technology to install and 
use. 

Laser optical storage technologies such as the 
videodisc can be used to store both analog and dig- 
ital information. (For an explanation of the differ- 
ences between analog and digital, see box 8-C.) The 
storage density of the laser videodisc is astonishing: 
on one side of a 12-inch disc, 54,000 individual 
pictures can be stored along with stereo audio and 
digital data.^^ In the last 5 years, laser videodisc 
programs have been developed for military and in- 
dustrial training, and for advertising and education. 



^^Bcn Davis, "Image Learning. Higher Education and Interactive 
Video Disc," Teachers College Record^ vol. 89, No. 3, spring 1988. 
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Photo credit; Optical Data Corp, 

Computer*generated interactive videodiscs offer new ways to present information combining video, audio, text, and graphics. 
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They use a computer to control the playback of au- 
dio and video from the videodisc player, sometimes 
adding computer-generated text and graphic mate- 
rials, so that sequences can be arranged to suit the 
input of the viewer/participant. Schools seem to be 
increasingly aware of videodisc technology, but it 
is unclear how many own and/or use videodisc 
players.^* 

There are increasing numbers of videodiscs avail- 
able for educational use. The Minnesota Educational 
Computing Corp. 1987 directory of educational 
videodiscs lists 360 discs, double the number entered 
in the 1986 edition.^^ Not all of these products 
were originally created for classroom use. Programs 
range from smdies of outer space to visits to the Met- 
ropolitan Museum of Art. One product called THE 
BIQ SC! VIDEQDISC-contains more than 6,000 
still images, 2 motion sequences, maps, charts, and 
diagrams that can expand the typical information 
presented in biology textbooks. With documenta- 
tion on biocheml<;try, cell biology, plant taxonomy, 
and zoology, the disc comes indexed by subject in 
hierarchical order and by numeric frame reference." 

More comprehensive efforts to develop courses on 
videodisc are underway. For example, the Texas 
Learning Technology Group^* is developing a 160- 
hour, two semester, complete physical science cur- 
riculum that can be taught in grades 8, 9, or 10* 
The curriculum, using interactive videodisc technol- 
ogy, is in field test at participating district sites." 

CompulerA/ideo Convergence 

Compact disc video (CD-V), digirai video inter- 
active (DVI), and compact disc interactive (CD-I) 
are prototypes that combine computer technology 
and laser oprical storage technology. The difference 
between them is the way data are encoded^ accessed, 

^'TALMIS reports approximately 6 percent of schools with video- 
disc; Quality Education Data, Inc., estimates 28 percent of the largest 
school districts with videodisc. 

^^Minnesota Educational Computing Corp., Videodiscs foe Educa- 
tion: A Directory (St. Paul, MN: 1988). 

"£/ecfro/j/c Learnings "Videodisc Includes Visual Biology Library," 
vol. 7, No. 2, October 1987, p. 81. 

^The Texas Learning Technology Group is a consortium of 12 
Texas school districts, the National Science Center Foundation, Inc., 
and the Texas Association of School Boards. 

"Paula Hardy, director, Texas Learning Technology Group, per- 
sonal co.nmunication, January 1988. 



and displayed. CD-V uses discs with 5 minutes of 
video and 20 minutes of music for viewing and listen- 
ing on a home television set. (There are as yet no 
instructional applications of CD-V.) CD-I has no 
foil motion video, but contains thousands of still 
pictures, plus graphics, sound, and data. It is also 
intended for the home market. Both CD-V and CD- 
I will eventually come in stand-alone units, much 
like VCRs, which can be connected and played on 
standard television sets. 

DVI, on the other hand, is used with an IBM- 
AT personal computer or equivalent. It is a fully 
digital compact disc, but with capabilities similar to 
the analog laser videodisc described above. Most im- 
portant, DVI ". . . fully realizes the notion of video 
becoming computer-compatible."^^ It can play up 
to 70 minutes of limited-resolution full motion color 
video on a computer screen, or it can play back pic- 
ture, sound, and data (but with less video). With 
this new technology, video can be digitally stored 
and played back in real time. The fact that DVI 
stores images in digital form means that they can 
also be combined or edited. 



^^Davis, op. cit.. footnote 20. 



• 





















Photo cndlU CMtBrM ChUdnn snd Technology, 
' Cank Stn0t Colfege of Education 



In this digital video interactive prototype, children can 
"walk" through the ancient Mayan archeologlcal site, 
PALENQUE, and study Items of Interest as they come 
upon them. Dynamic eyes on the screen look left, right, 
up, or down as the children pan around their location 
on the site. 
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ADVANCES IN SOFTWARE" 



The computers found in most schools have small 
memory capacity and slow processing times. At least 
75 percent of the software titles listed in the Educa- 
tional Productions Information Exchange were de- 
signed for the Apple-II line of computers, which still 
account for about 60 percent of the installed base 
in schools. The fact that these machines are sturdy, 
coupled with the constraints schools face in trad- 
ing in and upgrading their inventories, means that 
software developers have been reticent to invest in 
sophisticated learning tools that require greater 
hardware capacities. 

Hypermedia 

Good examples of the kind of advanced software 
that could eventually make a difference in classroom 
teaching are hypertext and hypermedia. These sys- 
tems represent an important breakthrough in mak- 
ing computers more compatible with human cog- 
nitive processes, because their storage of information 
is nonlinear. Just as human long-term memory con- 
sists of a complex web of associational links, 
hypermedia provides access to text, graphics, im- 
ages, and in some cases, sound, without requiring 
users to specify in advance the order of access.^^ 
The INTERMEDIA project at Brown University is 
an illustration of hypermedia applied tc education.^^ 
Users access an integrated set of text, graphics, edit- 
ing, and scanning tools. Severn;! different courses 
at Brown nse these materials, which are imked via 
local area network. Hypermedia systems are substan- 
tially more complex than typical software programs, 
and require significandy greater computer memory 
capacity. Thus> while they represent a potential mile- 
stone in both the p reparation of instructional ma- 
terials and their application in classrooms, hardware 
requirements exceed the current capacity of most 
computers found in public schools. HyperCard, for 
example, Apple's recent entry into hypermedia soft' 



^^See also ch. 6. 

^Christopher Dede, "Empowering Environments, Hypermedia, and 
Microworlds," The Computit)g Teacher, vol. 15, No. 3, November 1987. 

Nicole Yankelovich et al, "Issues in Designing a Hypermedia Doc- 
ument System: The INTERMEDIA Case Study," Multimedia /n Edu- 
cation: Learning Tomorrow (Cupertino, CA: Apple Computer, Inc., 
spring 1987); and Nicole Yankelovich et a!., "Intermedia: The Con- 
cept and the Construction of a Seamless Information Environment," 
Computer, vol. 21, No. 1, January 1988, pp. 81-96. 



ware, was originally designed for business and only 
runs on Macintosh computers with at least one 
megabyte of random access memory (ElAM). 

Integrated Learning Systems 

Another trend is toward greater machine control 
of lesson sequencing and monitoring of individual 
student progress. Some integrated learning systems 
(ILSs) include simulations and tutorials that go con- 
siderably further than electronic equivalents of drill 
and practice, and many cover complete curricula. 
At Juan Linn School in Victoria, Texas, an ILS de- 
veloped by Education Systems Corp., serves 500 stu- 
dents a week. The software contains about 1,500 
lessons in language, mathematics, and problem solv- 
ing. The system manages instruction to each indi- 
vidual student in the school and records the progress 
of each student from day to day. Every child finds 
his or her name on the screen of a computer when 
entering the classroom. Although the individual 
computers are capable of working independently, 
they are usually linked in a local area network. 

Videodisc Software, Compatibility, 
and Video Programming 

Some examples of videodisc software suggest the 
potential for applications in education. For instance, 
the National Air and Space Museum Archival 
Videodisc 2 contains 100,000 photographs of ma- 
jor air and space personalities, aircraft, balloons, air^ 
ships, commercial airlines, air meets, trophies, mil- 
itary aviation aeronautical communications and 
equipment, museums, philatelic covers, and models. 
College USA shows more than 80 colleges and 
universities and describes their programs and facil- 
ities. The Image Disc archives 54,000 slides from a 
variety of sources, including 200 slides from the 
American Association of Physics Teachers reposi' 
tory. Not only are these databanks of images valu' 
able for use in education and learning, they can also 
serve as raw materials for interactive programming. 

For many reasons, especially the complexities of 
instructional design, creating an effective computer 
software package can be very expensive, costing from 
tens of thousands of dollars for individual programs 
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to more than a million dollars for full courses of com- 
^puterized instruction. Another factor contributing 
to high development costs of educational software 
is the incompatibility of cumpiiters found in schools. 
Software developed for the Apple II family will not 
run on Commodore, Tandy, or IBM computers. But 
in this regard too, there is a tendency toward con- 
vergence: some higher level operating systems allow 
programming in a "machine-independent" environ- 
ment, so that programs can be sent from one hard- 
ware type to another with little or no change. These 
systems are generally too large to run on the com- 
puters commonly found in schools today; but there 
is reason to believe that continued research will yield 
an affordable solution to this problem of system in- 
tegration.^ 

^^^Sce also ch. 6 for a brief description of the research program on 
system compatibility underway at the Institute for Defense Analyses. 



Creating effective video programming, especially 
interactive video production, is very expensive. It 
requires complex instructional design and software 
programming, and multiple forms of video produc- 
tion.^^ For this reason, the major markets for inter- 
active videodisc are in industrial and military train- 
ing and medical simulations. 



'4t has been estimated that the average cost of producing a single 
mteractive video program for industrial or business applications is 
$150,000. James A. Uppke, "Interactive Video Discs: Entering the Main* 
stream of Business/' £r?ucar/ona/ and /n£/u5tr/a/Te/ev/s/on, vol. 19, No. 
8, 1987, p. 12. The Texas Learning Technology Group estimates that 
their physical science curriculum on interactive videodiscs will cost about 
$4 million to develop. Hardy, op. cit., footnote 25. 



SUMMARY AND 

Interactive technologies for processing, storing, 
and communicating information have made their 
place in American business, science, and the mili- 
tary, and stand now at the doorway of the Amer- 
ican public school. 

More advanced computer logic and memory sys- 
tems could allow students' computers to run sev- 
eral programs at once, to move information from 
one application to another, to communicate ideas 
to classmates and pen pals around the wor^d, and 
to integrate the content of one lesson into another. 
Improved graphics, animation, and sound, as well 
as real-time video, could mak^ subjects of study come 
alive. On-line multimedia libraries could provide in- 
formation for class research projects. Increased ac- 
cess to other children, not only within the United 
States but all over the world, could broaden stu- 
dents' appreciation of different cultures. Experts 
from many disciplines, master teachers, and even 
community leaders and politicians could become 
available to inquiring classrooms. Telecommunica- 
tions could allow students forced to remain home 
due to illness or weather conditions to connect with 
the teacher or with school programs to make up for 
lost time. Distance learning programs could support 
isolated populations of students who are under- 
served in certain subjects. 



CONCLUSIONS 

These technologies could also serve many other 
purp03es and could become the center of new serv- 
ices to schools, teachers, and adults across the Na- 
tion. Software could be delivered on television sig- 
nals. Instruction in many specialized areas of the 
curriculum could be broadcast to teachers and stu- 
dents, with exercises, testing, and help available 
through the telephone by voice or modem. Inex- 
pensive video technology— small portable cameras 
that contain video recording devices— could be used 
by students to create audio/visual essays, or to 
gather images for use with computers. Students 
might combine pictures shot in their backyard with 
images received from databanks over the telephone, 
and written essays composed with word processors 
could incorporate graphs compiled using spreadsheet 
programs and computerized measurement devices. 

In the words of a leading computer scientist, "The 
way computing has permeated the fabric of purpose- 
fill intellectual and economic activity has no paral- 
lel."^^ Information technologies have transformed 
the worlds of business, science, entertainment, the 
military, government, law, banking, travel, medi- 
cine, and agriculture. The question is whether they 
will make as deep a mark on classroom learning— 
and how. 

^^Abraham Peled, "The Next Computer Revolution," Scientific 
American, vol. 257, No. 4, October 1987, p. 57. 
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EPILOG 



Most historians of technology would agree with 
Nobel Laureate Simon that the computer is no or* 
dinary innovation. Indeed, the most profound ques' 
tion facing American society today is whether its 
institutions can adapt to a world that has changed 
more dramatically in the last 30 years than in the 
preceding 30 decades. Our schools are assigned the 
monumental task of arming young people to com* 
pete in this changing world: they are society's pot' 
ters entrusted with the clay of children's minds. But 
there is abundant evidence that the potters' tools 
are rusted, and almost unanimous consensus that 
things must change. 

Most educators believe that the new tools of the 
information age can be pivotal in shaping the Amer- 
ican classroom to fit its ever-changing environment. 
For others— educators, technologists, and historians 
alike— there is a gnawing sense of deja-vu, a fear that 
relying on new technology to upgrade classroom learn- 
ing signifies the triumph of hope over experience. 

How will future historians judge the choices made 
today? Will their data consist mainly of teachers and 
students using new tools to push the firontiers of 
learning? Or will effective schools, in which com- 
puters and other technologies realize their fiiU po- 
tential, always be the exception? To illustrate the 
critical crossroad at which we now stand, OTA has 
received permission to reprint the following excerpt 
firom a recent paper by Shirley Malcom, a promi- 
nent authority on schooling and technology u 
Americ:?: 

A Tale of Two Futures" 

Raul Gomez walked in the door of his inner city 
middle school classroom rather down in the dumps. 
"Here \ve go again," he thinks. If it were not for 
the compulsory education laws and the possibility 
that his mother could be arrested if he were tru- 
ant, he wouldn't bother to come at all. He spends 
a lot of his day sitting in front of the computer do- 
ing endless drill and practice. 



^^Shliley M. Malcom, "Technology in 2020: Educating a Diverse 
Population," paper prepared for the Conference on Technology in Edu- 
cation in 2020: Thinking About the Not-Distant Future, Harvard 
University, Educational Technology Center, Oct. 15-17, 1986. This 
conference was supported in part by OTA. This paper and others pre- 
sented at the conference will be published in Nickerson and Zodhiates, 
op. ctt., footnote 3. 



To increase educational efficiency and to help 
Raul^s teacher cope with 35 students, the district 
put computers in their classroom. Some of the chil' 
dren work on the computers while the teacher 
works directly with the others. For 14 students, 
English is not their native language. Among them, 
there are 7 different languages spoken. If he had 
to go through another set of practice problems and 
subject/verb agreements, he'd go crazy. Occasion- 
ally, just for a change of pace he'd deliberately an- 
swer a question incorrectly so he could see the 
funny little graphics built in to "motivate the user." 
If he didn't get it right after a couple of times, "the 
solution" was explained to him. He had figured out 
other ways to solve the problems, but for some rea- 
son the computer never explained it his way. They 
both got the same answer, but he knew there must 
be something wrong with his way because the com- 
puter never did it like that. 

Raul had thought computers were going to be 
a lot more fun. He first saw one at the Saltman's 
house, the family for whom his mother worked. 
He had gone with her during the summer to help 
with the yard work and had seen the games and 
the simulated science experiments. There was an 
electronic mail feature that had been set up to help 
team members keep in contact as they prepared for 
the international mathematics competition. But 
somehow, at his school it just wasn't the same. He 
asked Ms. Russell about those neat things he had 
seen at the Sakman's, but she had said that the 
students weren't ready for that yet. Besides, doing 
those things required more time on the computer 
and there were not quite enough machines to go 
around. 

If only his family had the money to buy its own 
computer! But there was barely enough money to 
buy food and clothes and pay the rent for the four 
of them—Raul, his younger sisters, and his Mom. 
There was so much that he wanted to know about 
how the world worked, but in his class they never 
seemed to get to any of the exciting stuff— they al- 
ways seemed to be getting ready for the next com- 
petency test, always having to cover more pages 
in the textbook. As soon as he could, he was go- 
ing to quit school and go to work and help his 
mother with the girls. Maybe he'd get back to 
school one day. If there were more here for him 
he wouldn't leave, but it's just a waste of time. 
What good does it do his family if he knows the 
names of all the dead presidents? 
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He had seen a TV program once about Mayan 
mathematics and about the sun dagger in the 
Southwest that native people developed to tell the 
arrival of the different seasons of the year. He asked 
his teacher about these things, but she said that 
they had to stay on schedule or they wouldn't 
cover the material in time for the science test. 

Sonia entered her inner city middle school class- 
room elated. She had just "published" her first 
book, complete with illustrations. As soon as it had 
been bound, it would be put in the media center. 
Imagine that, Sonia Ramirez, AUTHOR. And to 
think, just 3 years before when she and her older 
brother and sister had come from Puerto Rico, she 
couldn't speak, read, or write English, and now she 
had a book in English and Spanish. The speech 
synthesis and translation features on the computer 
had really helped her develop proficiency in both 
languages. There were enough computers to go 
around and enough textbooks so that everyone 
could use them. Her book was about rain shadows. 
It was fun when you could do science, geography, 
English, Spanish, and art at the same time. She 
had to do a lot of work on her book at home, but 
that was all right. Sonia had been taking home a 
loaned computer since she had first entered school 
here. Computers are a big part of Sonia's life and 
the lives of her classmates. Her friend Hilda has 
a computer that speaks for her (and in a girl's 
voice!): Hilda is nonvocal because of cerebral palsy. 
Hilda has to use her computer for writing, too. 

Sonia is learning to play the synthesizer in the 
school orchestra. The wide variety of software that 
she can borrow from the library (or that comes with 
the books) lets her look at all kinds of things that 
interest her. She and her classmates have devel- 
oped software, too, which is included in the middle 
school computer network in their school system. 

Sonia and Hilda are interested in birds. Their 
Peterson's Field Guide has a videodisc that goes 
with it so that they can study the birds in flight, 
listen to the songs and learn more about their life 
histories. It really helps to be able to go back and 



forth between similar species and to have the differ- 
ences between them highlighted. 

Raul and Sonia live in two very different futures. 
Raul's future was created by extrapolating from the 
present: the present trends in education, the pres- 
ent educational goals for poor, disadvantaged, and 
minority students, the present way the technology 
is used in educating these students. For Raul, over- 
all trends in the technology matter very little when 
he has so few appropriate tools for his education, 
and when no concerted effort has been made to 
address his educational needs. Differences in the 
educational use of technology further separate the 
worlds of the Gomez and the Saltman families. On 
the other hand, Sonia Ramirez has been empowered 
by education, and the technology has made that 
education more meaningful and more accessible. 
At present, Raul's future is more probable though 
not very desirable. Achieving Sonia's future will 
not be easy. 




Photo credit: Neldlne Nichols, Wisconsin Department of Public Instruction 

What kind of future will we choose for our children? 
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Appendix A 

State Activities in Educational Technology 



Introducuon 

Historically, States have shared responsibility for the 
education of America's children with local communities. 
During the past 20 years, the State role in education has 
expanded. Many now establish broad curriculum objec 
tives, set standards for teacher and student proficiencies, 
provide funding to schools and districts, support special 
projeas, and monitor local performance. More recently. 
States have become key players in educational reform, 
initiating a range of policies and programs. Along with 
an expanded role in education overall. States have be- 
come more involved in educational technology. 

In the early 1980s, only a handful of States were ac- 
tively involved in educational technology. Today nearly 
every State is. State activities vary, reflecting the diver* 
sity of educational traditions, priorities, resources, and 
needs. Some States have passed specific mandates or have 
imposed detailed controls on teachers, schools, and dis* 
tricts, while others have enacted a mixture of initiatives 
designed to build local capacity and encourage local deci' 
sionmaking.' In general, State technology policies and 
activities are concerned with four areas:^ 1) hardware 
acquisition; 2) software acquisition, evaluation, and dis' 
tribution; 3) staff training and development; and 4) in- 
tegrating technology with ongoing instruction. 

In October 1987, OTA sent a questionnaire to the 
agency or individual responsible for educational technol- 
ogy in all 50 States and the District of Columbia.^ By 
February 1988 all States responded. OTA staff also con- 
tacted State technology directors by phone where clarifi- 
cation or elaboration was needed. In addition, OTA ex- 
amined State's written responses to Electronic Learning's 
1987 Survey of the States and the 1986 State Technol- 
ogy Profile Survey conducted by the Council of Chief 
State School Officers. Additional information about 
State technology efforts, primarily in the area of software, 
was obtained from data collected in 1987 by the National 
Governors' Association. 



'OTA State Educational Technology Survey, 1987. See also Janice H. Pat- 
terson, Center for Policy Research in Education, University of Wisconsin- 
Madison, "Computers in Schools: State Policy Objectives and Policy Instru' 
ments," unpublished manuscript, December 1987. 

^Patterson, op. cit., footnote I. 
^ ^0 simplify reporting, the District of Columbia will be counted as a State 
In the following discussion. 



Organizational Structure, Planning, 
and Funding for Technology 

• Forty'One States have a technology division or staff 
position for educational technology. 

• Twenty'four States have a long-range plan for educa^ 
tional technology and plans are under development 
in 13 other States (see figure A-l). 

• Forty-four States allocate funds specifically for educa- 
tional technology or make other State funds available 
(see figure A'2)/ 

• Forty-nine States use Federal funds for technology: 
Chapter 2 predominates, followed by Chapter 1 and 
Title II. 

• At the local level, funds for technology are provided 
by the local district. State, and Chapter 2 (see figure 
AO). 

The function, responsibility, and organization of State 
technology divisions or staff positions vary across the 
country. Most are part of the State Department of Edu- 
cation (SDE). In some States, a consultant provides work- 
shops and technical assistance to teachers and districts. 
In others, the technology division works with other SDE 
units to offer curriculum consultation and software pre- 
view assistance to educators. And in some States, the 
technology unit awards grants, provides technical assis- 
tance, and administers several separate programs. 

Planning for technology is an important part of the 
State role. Most long-range plans and those being de- 
veloped are initiated by SDEs. Others are initiated by 
the legislature, the State Board of Education, or in one 
case, a Governor's Commission. The plans reflect each 
State's approach to technology, educational policy and 
governance, and the relationship with local school dis- 
tricts. Some plans suggest curriculum approaches while 
others outline detailed strategies for implementation, or 
establish graduation and teacher certification requirements. 

While some States have made large investments in 
educational technology, in most States, Federal funding, 
particularly Chapter 2, is an important source of sup- 
port for educational technology at the State and local 
level. State funding for educational technology usually 
is mixed with funding from other sources including the 
Federal Government, business and industry, software 
publishers, hardware vendors, and private foundations. 

^Funding I's pending in two States. 
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Funding is by no means uniform or steady. Specific 
allocations for technology ranged from $41 million to less 
than $200,000.^ Several States provided one-time only 
allocations, while others have experienced serious bud- 
get reductions. TwO'thirds of the States reported that 
insufficient funding hampered the implementation of 
technology. Needs mentioned were training, hardware, 
software, and long-term funding to allow time to imple- 
ment technology and address equity concerns. 

Although many States encourage wider use of new 
learning tools, few have sufficient resources to deal with 
changing technology, and even less to support a signifi- 
cant increase in access. States arc beginning to support 
development and demonstration projects, but the scope 
of these efforts is limited. With a few exceptions, the ma- 



'OTA survey results reflect information provided by respondents. In some 
States, particularly larger ones, accurate funding data was not available and re 
sponses were estimated. 



jor focus of State pilot and demonstration projects is on 
finding better ways to fit technology into the existing cur- 
riculum.*^ 

Faced with competing priorities and financial limita- 
tions. States are taking a pragmatic approach to influ- 
ence and encourage the use of technology in the schools. 
Most States focus resources in one or a few areas- 
training teachers, distributing hardware, supporting 
administrative uses of technology, evaluating software, 
and distance learning. 



^e National Governors' Association made a similar conclusion about State 
educational technology efforts. National Governors' Awociation. 198? FoUowup 
Report to Time for Results: The Coverrxors* 1991 Report of Education (Wash- 
ington» DC: 1987), p. 25. "Current state activities In the area of tschnology s<fcm 
to be continuing earlier initiatives ... the process is characterized by adaptation 
and gradual growth rather than dramatic invention or innovation* In effect, we 
do not have evidence that states now rely on icchnology tn efforts to restructure 
their schools." 
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Figure A-2.«-Sources of Funding for Educational Technology at the State Level 




□ NofuKlnfl H state fmds^ M^^^ "(Z^^t^'^ 

State funds 



Federal funds 



State techfx>logy 
and Federal funds 



State technology funds, 
other State fiinds, and 
Federal funds 



State and Federal 
funds 



•Genoral Stato aid Is the sourc© of Stale funding for technoIOQy In Idaho, Iowa. Kdnsas. Nevada, Oregon, Souih Dakota, Wisconsin, and Wyoming. It is one of the 
sources of funding In New Jersey and West Virginia, 
^tate technology funding Is pending In Connecticut and West Virginia. 

^25 States report using Chapter 1 funds for technology; 34 report the use of Chapter 2 funds; and 23 report the use of Title 11 funds. 
SOURCE: Office of Technology Assessment^ Strte Educational Technology Sur/ey. 1987. 



New Institutional Arrangements 
and Policies 

Innovative policies and new institutional arrangements 
can support the use of educational technology. Because 
the size of the investment needed to implement and sup- 
port educational technology programs is large, there is 
a need to build State, regional, and local partnerships 
and to enlist the involvement of colleges, univ^jrsities, 
business and industry. 



In Arkansas, for example, business and education 
lead: s support the technology initiative. Indiana pro- 
vides low interest loans to districts for hardware. And 
in Maine, Federal Chapter 2 funds were used to create 
a statewide computer consortium supported by member 
districts.' 



'Other innovauvc policies and collaborative efforts arc described throughout 
(he report or are included in the following State summaries. 
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FIgura A*3,--Stite Estimates of Major Sources of 
Funding for Technology Used by School Districts* 




State funds^ Federal ftrde^ No State or 

Federal funds 

Source of ftixing 

*State t«chnolO(}y coordinators were asked to select the top three sources of 
funding used by districts. 

''State funds useci for technology by districts include: 1) funds for technology 
Allocated to all districts; 2) grants for technology; and 3) grants that may be 
us«d for technology. 

SOURCE: Office of Tech'no^ogy Assessment, State Educational Technology Sur 
vey. 1967, 



Many of these innovative policies and partnerships sug- 
gest alternative approaches to support th* use of tech- 
nology in education. Through dissemination and collabo- 
ration, these creative efforts and ideas could serve as 
models for other States. 

State Hardware and Software 
Activities 

• Thirty-three States have developed procedures that al- 
low school districts to purchase hardware at reduced 
prices.^ 

• Twenty-four States negotiate agreements with software 
publishers to purchase administrative or applications 
software at reduced prices.' 



• Over 60 percent of the States support 5oftware evalu- 
ation activities.'* 

• Twenty States either fund or offer technical assistance 
for the operation or development of systems to distrib- 
ute software electronically," 

• Thirty States are involved in rurriculum development 
projects using commercial sofr^v^re." 

• Seventeen States fund or offer technical assistance for 
development of educational software." 
Expanding access to technology through acquisition, 

evaluation, and distribution of hardware and software 
is a State concern. In addition, some States are playing 
a key role in aggregating purchases of hardware and soft- 
ware, either by negotiating directly with hardv/are ven- 
dors and software publishers, or by supporting or facilitat- 
ing regional and district efforts. 

States also help to provide information about software 
by supporting software preview, evaluation, and dissem- 
ination at the State and regional level. Some States also 
influence (either formally or informally) the types of soft- 
ware schools use through the development of curricu- 
lum guidelines or support for certain instructional ap- 
proaches. With a few e.xceptions, the extent of State 
involvement in software development is limited to small 
scale projects. 

Duplication of Effort: Need for 
Collaboration and Information 

With each State deciding individually how to use tech- 
nology, effort is being duplicated across the country. This 
may be especially true in regard to software evaluation 
and arrangements with hardware vendors and software 
publishers. The States share a need for more informa- 
tion about hardware, software, and about ways technol- 
ogy can be used to enhance learning in schools and 
classrooms. 

The Software Evaluation Exchange Dissemination 
Project (SEED) is a multistate collaborative project co- 
ordinated by the Southeastern Education Improvement 
Laboratory, one of the national educatio!i research lab- 
oratories.'^ SEED facilitates software evaluation for six 



National Governors' Association, *Techno!ogY*$ Role m Educational Re 
form," Cap/ra/ Wf ai, July 1, 1987. Results of an National Governors* Associa- 
tion survey conduacd in 1986^7. 
Ibid. 



*^£/ccrron/c Uirning, "Educational Technology 1987, A Report on EL's Sev- 
enth Annual Survey of the States,** vol. 7, No. 2, October 1987. 

"Office of Technology Assessment, based on Electronic Laming, 1987 State 
Techrwiogy Survey. 

"Ibid. 

"Ibid. 

'^Project SEED, initiated in 1984, has pissed through three phases of devel* 
opment, identified by changes in the project's name. The first phise, Software 
Evaluation Exchange and Design, involved conceptualization and acceptance 
of the evaluation process. The second phase. Software Evaluation Exchange Dc* 
velopment, was a period of training arid refining p-ocedures. The third and cur* 
rent phase. Software Evaluation Exchange Dissemination, involves expanding 
to other States, inaeasing the number of evaluations performed, and dissemi- 
nating results. A 1987 evaluation concluded thee the human element is key to 
a suaessful collaborative effort like SEED and chat sufficient time and re:ources 
muse be allocated to develop a successful process. 
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Southeastern States (Alabama, Florida, Georgia, Missis- 
sippi, North Carolina, and South Carolina). Over seV' 
eral years, SEED has trained educators and has helped 
participating States evaluate software and share informa' 
tion. Each State then distributes evaluations independ- 
ently to local school districts. Several other States are 
interested in joining SEED and it is expected that a mem* 
bership fee will be charged for States outside the south- 
east region. 

Another effort to bring States together was initiated 
by the Council of Chief State School Officers (CCSSO) 
in 1983. CCSSO's National Technology Leadership 
Project, funded under a Z-year grant from the National 
Institute for Education (NIE), provided States on-line in- 
formation about educational technology products, col- 
lected information about State activities and needs, con- 
ducted two national conferences, and began to establish 
links among States, Federal agencies, and other organi- 
zations involved in educational technology. Perhaps most 
importantly, the projects created a forum for State col- 
laboration and discission of major policy issues. The 
project ended in 1986 when the NIE grant ended. 

Equity and Access 

One of the main justifications for State involvement 
in education is to foster equal access to educational re- 
sources for all students. In some States, efforts to pro- 
vide equal access to technology resulted in spreading 
technology thinly. For instance, one southern State's goal 
is to put enough computers in the schools to provide 1 
computer for every 50 students. Other States address eq- 
uity concerns by allocating funding for technology to all 
school districts on a formula basis, or setting up com- 
puter laboratories in each school that students can use 
for a limited amount of time each day, month, or year. 
States report that these approaches do not necessarily 
result in equal access to technology; wealthier districts 
continue to have more resources to use for hardware, 
software, and teacher training. 

Several States are taking a somewhat different ap- 
proach, concentrating resources and targeting specific 
needs of selected groups of students. Many of these States 
support using technology to teach basic skills to low- 
achieving students, or to provide instruction to disadvan- 
taged arid underserved students through, for example, 
distance learning. Other States implement instructional 
packages or integrated learning systems for certain grade 
levels or groups of students. Approaches such as these 
represent an acceptance that technology can be used for 
basic skills instruction with certain groups of students. 
They raise questions, however, about providing equal 
access not only to hardware, but to how technology is 
used with different groups of students, particulary 
whether it is being used to enhance the higher order 



thinking abilities and academic performance of the dis- 
advantaged. 

Teacher Preparation, Training, and 
Professional Development 

• Eighteen States require and eight recommend that 
teachcrc seeking certification take computer-related 
courses or become familiar with using technology in 
instruction." 

• Three States require and 17 States recommend some 
form of inservice professional development in the use 
of technology. 

• Almost every State provides or suppx)rts inservice tech- 
nology activities through a combination of ongoing 
activities and periodic efforts.'* 

• Over three-quarters of the States sponsor technology 
conferences and half suppx)rt training through regional 
education or technology centers. 

• Twenty-two States now use or plan to use electronic 
networks, interactive television, videotape, or other 
technologies to provide inservice training and assis- 
tance in the use of technology. 

• Thirty-four States allocate funds specifically for inser- 
vice technology training or make 'other funds avail- 
able which may be used for technology training (see 
figure A'4)." 

• Ten States use Federal funds for inservice technology 
training, primarily Title II and Chapter 2, but also 
Chapter 1, vocational education, and special educa- 
tion funds. 

Most teachers receive technology training through 
their district; however, the State is an important source 
of training programs and assistance in many States. Re- 
gional centers, often partially funded by the State, are 
playing a growing role in providing technology training 
to educators along with other education services. Funds 
for training, as for other educational technology efforts, 
vary by State and come from a mix of source^: State funds 
for technology training; professional development grants; 
funding that flows through regional centers or districts; 
general State aid used at local discretion; and Federal 
dollars (e.g.. Title II, Chapter 2). Of the 20 States'* that 
allocate funds specifically for technology training, annual 
funding ranges from $15 million to less than $20,000. 



In Six States, these requiren.ert^ apply only to tca(.hers in certain areas such 
as business, computer, or media education. 

'^Some States provide training, information, consultant services, or facilitate 
training at the regional or local level, but do not allocate funding for teclmology 
training. 

'^Statc funding for technology training in Utah is pending study and rccom* 
mendations. 

'^Ninc of these States make cither State or Federal funds available as well. 
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Figure A*4.— Siate Estimates of Sources of Funding 
for Inservice Technology Training* 



•S 30 




Local State Federal Federal Federal 
funds funds" Chapter 2 Chapter 1 TWe I 

Source of fuKing 

^tate technology coordinators were asked to select the top three sources of 
funding for technology at the local level. 

°State funds Include: l) funds for technology training; 2) professional develop- 
ment funds or grants; 3) funds that flow through regional centers or districts; 
and 4) general State aid used at local discretion. 

*^Federal funding Includes Title II, Chapter 1, Chapter 2, and Special Education 
funds. 

SOURCE Office of Technology Assessment, state Educational Technology Sur- 
vey, 1987. 



State Research, Development, and 
Demonstration Activities 

Sixteen States fund or provide technical assistance to 
an educational technology project with a research or 
evaluation component.'^ In addition, some States report 
supporting demonstrations and pilot projects in the con 
text of curriculum development or software activities. 
Overall, however, research and development supported 
by the States is limited. Most States do not have the 
means to fund scientific research on learning and educa- 
tional technology or to develop advanced software. 

Yet, State research projects are important because, for 
the most part, they focus on questions about implement- 
ing technology in schools and investigate the use of tech- 
nology to serve defined educational needs. Some States 

'^States reporting research and development activities: Alaska, Arkansas, Cali- 
fornia, Delaware, Indiana, Kentucky, Maryland, Minnesota, New Hampshire, 
New Jersey, New York, Texas, Utah, Virginia, and West Virginia. Additional 
research projects are pending in two States, Washington, DC and Florida. 



support projects on a limited scale before a larger invest- 
ment is considered, or work with vendors and the pri- 
vate sector to establish pilot projects. Others award grants 
to schools, districts, or teachers for innovative projects 
or school improvement which may involve technology. 
Some of these projects have an evaluation or research 
component while others do not, but in all projects tech- 
nology is being used by teachers or students in a variety 
of "real world" settings. 

Some Examples 

In Minnesota, evaluations of teacher training efforts 
found that the most successful programs are those in 
which teachers work with technology-using peers. Large, 
one-time group training sessions conducted by vendors 
were found to be the least successful. Alaska sponsored 
two classroom 'based research projects to study the use 
of technology in instruction. One project focused on 
using technology to teach writing and the other on in- 
creasing inquiry learning in science. Participating teachers 
were trained in classroom-based research techniques and 
kept journals describing their teaching experiences and 
observations in the classroom.^^ 

Kentucky initiated Project Vision, a pilot project to 
develop a videodisc program to teach remedial mathe- 
matics skills in grades K-2, based on the Kentucky Es- 
sential Skills Test. The project was supjxDrted to a large 
extent by private donations and in-kind support from 
vendors. 

Recently, research has begun in five model school sites 
in California. The goal is to study long-term effects of 
using technology in instruction. Annual funding for the 
projects is contingent on the total funds approved by the 
Governor for the State's educational technology ac- 
tivities. 

Technology, Curriculum, and 
Educational Reform 

Many States establish curriculum requirements or de- 
velop optional guidelines for districts. The current focus 
is "integrating technology into the curriculum;" however, 
interpretation of this concept varies. California, for ex- 
ample, supports the use of technology as an educational 
tool. It initiated the $2 million Technology in the Cur- 
riculum Project to help educators locate high-quality soft- 
ware and video programs and integrate them into the 



^A publication. Hand tn Hand. The Wriang Process and the Microcomputer 
was published by the Alaska Department of Education in 1985 a$ a result of 
the classroom-based. Computer/ Writing Skills Project. Currently, there arc no 
State funds to publish a similar document about the Inquiry Science Project, 
which was ftinded by the State during 1986^7. The State is looking into using 
Federal or other funding sources. The Alaska Department of Education also hopes 
to use Federal funds to undertake similar classroom -based research in mathc^ 
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curriculum. In Delaware, on the other hand, a 1984 State 
plan mentions integrating technology into instruction, 
but is more specific about computer science and com- 
puter^assisted instruction, and the State has provided 
funding for these areas." In other States, integrating 
technology into instruction has been interpreted to mean 
matching soft\n'are with basic skills competencies oudined 
by the State, or using technology to supplement the ex- 
isting curriculum. 

In some States, activities and new initiatives involv 
ing technology are tied to educational reform. In Wis- 
consin, where there is a tradition of strong local control 
of education, legislation resulted in new standards and 
a series of curriculum guides requiring changes in both 
the content and delivery of instruction. SDE sees tech- 
nology as an important component of overall school im- 
provement and local districts are encouraged to integrate 
technology into the curriculum. At the same time, no 
State funds have been allocated specifically for technol' 
ogy; instead, the State funds regional educational serv- 
ice centers, and districts receive about 50 percent of their 
funding from the State. Beginning in fell 1988, the State 
will try to influence districts that do not comply with 
the State standards, including those regarding educa* 
tional technology. 

Texas' approach to technology also reflects the State's 
approach to educational reform: the creation of specific 
requirements and regulations. Teachers seeking certifi- 
cation in Texas are required to take a course on educa- 
tional computing and technology or demonstrate profi- 
ciency. All districts must teach computer competencies 
in elementary schools. Curriculum guidelines unc'^r de- 
velopment are expected to include keyboarding, infor* 
mation processing, and using computers to develop prob' 
lem solving skills. In addition, every student in Texas 
must complete at least one semester in computer liter* 
acy in seventh or eighth grade. This course specifies ap' 
plications, awareness, and introductory programming. 
There is also a separate advanced high school diploma 
that includes courses in computing." Texas has not 
funded local implementation efforts but has funded sev* 
eral pilot projects with State and Federal dollars (primar* 
ily Chapter 2). State requirements for elementary com* 
puting and local planning have been proposed and are 
likely to be developed in 1 to 2 years. 

Technology is changing rapidly and States have many 
choices about how best to take advantage of the poten- 
tial of technology in education. Curriculum require* 
ments, instructional priorities, and institutional arrange* 
ments influence how technology resources are used. 

''Dclawarc*s Srarc Ptan for the Use of Computers tnK 12 Ethcation currently 
is being revised and the new version may give greater attentioti to le use of 
computer applications in regular classrooms. 

"There are no educational technology requirements for a regular high school 
diploma. 



States may find it difficult to change policies or encourage 
different instructional approaches after investing money, 
people, and effort. Rigid, narrow, or outdated educational 
policies may make innovative and effective uses of tech* 
nology difficult to implement in the future. More col* 
laboration between States, educators, researchers, and 
developers could help States articulate needs, identify 
newer technologies and instructional approaches, en* 
courage flexibility, and influence further development. 

State Profiles 

Alabama 

State position/unit: Yes (1983) 

State plan: Being developed 

Key actors: State Advisory Committee 

Funds available through the State for technology 

activities: State technology;" State education;" 

Federal 

Source of funding in most districts: State grants that 

may be used for technology 
State training policies: None 
State funding for technology training: None 
Way most teachers receive training: State" 
Most important State action: $8 million in 1984 for 

hardware/ software 
Major changes in past year: Task Force to develop 

State plan 
Barriers: Cost; State plan 

The 1984 State educational improvement plan en* 
couraged districts to include the use of technology in 
grades K-12. A $12 million appropriation allocated 70 
percent of these funds for hardware and software pur- 
chase. Due to a revenue shortfall, only $5 million was 
made available in 1985'86. Federal Chapter 1 and Chap- 
ter 2 funds were also used to purchase hardware and soft' 
ware in 1986-87 and 1987-88. 

In 1986-87 $750,000 was allocated for a statewide 
telecommunications system to connect local districts and 
SDE. The network now connects the State and all 130 
school districts. A $250,000 allocation in 1987-88 con- 
tinues training and provides maintenance. Future plans 
include statewide implementation of a student manage- 
ment system to standardize schedulii^ and recordkeepii^. 

Alabama participates in SEED, a multistate model for 
software evaluation and evaluation exchange." 



^^Ststc technology funds can include State funds earmarked for technology 
that go to all districts or State technology grants awarded to specific projects, 
districts, or schools. 

"Srarc c</ucar/on funds can include State grants for educational improvement 
or refornt, general State aid, staff development funds, or State funds that flow 
through regional centers or other entities. 

'^A State may provide trailing, information, coruultanc services, or facilitate 
regional activities but may n)t allocate funding for technology training. 

*^Scc discussion of SEED loove. 
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Alaska 

State position/unit: Yes (1980) 
State plan: Being developed 

Key actors: Legislators; professional teacher associations 
Funds available througli the State for technology 

activities: State technology; Federal 
Source of funding in most distkicts: District/general 

State aid 
State training policies: None 
State funding for technology training: None 
Way most teachers receive training: District 
Most important State action: Establishing computer 

and instructional television projects (1980) 
Next steps: Explore distance learning 
Major changes in past year: Most funding and staff 

reduced 

Barriers: Funding; staff; political support 

In 1986, the Srate^s satellite-based network for instruc 
tional television (ITV) (the Learn Alaska Network) was 
cut and staff for educational technology significantly re- 
duced. The State now maintains an UV support system 
and is planning for the use of distance delivery. An 
.Alaska studies course is being developed for distance de* 
livery. One pilot project uses audioconferencing and elec- 
tronic mail in addition to video. The State also produces 
a phone calHn television series, "Talk Back," using Ti- 
tie II funds. The State supports a project investigating 
the impact of computers in science education. In previ- 
ous years, several classroom-based research projects 
trained teachers to assess the impact of technology in 
their classrooms. 

Arizona 

State position/unit: Yes (I98I) 
State plan: No 

Key actors: State Advisory Committee; teacher orga- 
nizations; parents; district computer coordinators 
Funds available through the State for technology 

activities: State education; Federal 
Source of funding in most districts: District 
State training policies: None 
State funding for technology training: None 
Way most teachers receive training: School 
Most important State action: 1983 bill establishing 

State technology role and clearinghouse 
Major changes in past year: None 
Barriers: Lack of legislative awareness about technology 
Legislation passed in 1983 defined the State role in 
educational technology and created a clearinghouse for 
software and information, but as yet, no State ftinds have 
been allocated for technology through SDH. Three staff 
members assist schools with volume purchases for tech- 
nology and provide training, support, and software evalu- 



ation services. General education funds are used to pur- 
chase software for evaluation and preview. 

The Arizona School Services Through Educational 
Technology Project (ASSET), operated out of the State's 
public broadcasting stations, provides ITV programming 
and support services to schools. Several instructional 
packages that include software are available through 
ASSET. Funding for ASSET comes equally from mem- 
ber districts and the State. Federal Title II funds are also 
used by both districts and the State. As schools install 
satellite dishes the State expects to become more involved 
in distance learning. 

The State Computer Services Unit provides ongoing 
training to educators through a magnet school in Phoe- 
nix and in districts upon request. In 1987-88, $17,500 
(Title II) will be used to train 200 mathematics and sci- 
ence educators from rural districts in the use of tech- 
nology. 

Arkansas 

State position/unit: Yes (1983) 

State plan: Yes (I984i revised 1986-87) 

Key actoi^: Business community; Governor; Chief State 

School Officer 
Funds available through the State for technology 

activities: State technology; State education 
Source of funding in most districts: District 
State training policies: Preservice (required for media 

teachers); inservice (recommended) 
State funding for technology training: Yes 
Most important State action: IMPAC; distance learn- 
ing; vocational education guidelines; high school com- 
puter science requirements; defining levels of inservice 
Major changes in past year: Increased leadership by 

Governor and State Education Director 
Barriers: None 

In 1983, the Instructional Microcomputer Project for 
Arkansas Classrooms (IMPAC) was created through leg- 
islation. Supported by the State and the business com- 
munity, IMPAC has developed software and imple- 
mented several models of computer-managed and 
computer-assisted instruction combined with classroom 
instruction to teach basic skills. Software and lessons are 
linked to the State's basic skills list and costs are closely 
monitored. IMPAC projects have been implemented in 
136 schools. Research on effectiveness identified success- 
ful models. The State's goal is to establish IMPAC pro- 
grams in every school and provide training and support. 

During 1986-87, nine experimental satellite education 
programs in secondary schools were funded and distance 
learning policies were developed. Nineteen districts cur- 
rently offer courses by satellite with fiindinfj assistance 
firom IMPAC. 
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California 

State position/unit: Yes (1982) 
State plan: Yes (1986) 

Key actors: Business community; legislators; State Advi- 
sory Committee; Chief State School Officer; SDE Staff 
Funds available through the State for technology 

activities: State technology 
Source of funding in most districts: Unknown 
State training policies: Preservice (required) 
State funding for technology training: Yes 
Way most teachers receive training: Unknown 
Most important State action: State level initiatives in 
software development, summer training institutes, and 
model schools 
Major changes in past year: Large funding cuts by 
Governor 

Barriers: Political concensus on definition of equity; 
State's ability to fiind categorical programs; lack of soft- 
ware which "compels" use of technology 
Legislation passed in 1982 and 1983 defined the State's 
role in educational technology and authorized several 
large grant programs. Educators and schools were en- 
couraged to integrate technology in the curriculum- 
Funding was provided for matching grants to schools and 
districts,^^ statewide software acquisition and develop- 
ment, and for the Technology in the Curriculum Proj- 
ects, an initiative to match software and ITV programs 
with curriculum objectives. There were also funds for 
Summer Institutes and videocassette recorder (VCR) dis- 
tribution. Teacher Education and Computer (TEC) 
Centers, first established in 1982, offered information and 
training to educators. Fifteen million dollars was allocated 
for California's technology efforts in 1984-85, $25.6 mil- 
lion in 1985-86, and about $25 million in 1986-87. The 
Governor cut the educational technology budget in half 
in 1987-88. Budget cuts eliminated the TEC Centers and 
the Summer Training Institutes. 

Over $1 million supported the development of six 
educational software programs in mathematics, science, 
and history/social studies in 1986-87* Under the terms 
of the agreement, publishers are responsible for market- 
ing costs and will retain copyright. California will receive 
royalties and discounts for the software. Although less 
money is available for technology, there is continued in- 
terest in supporting software development in partnership 
with other States or educational organizations. 

State educational technology funding supports a model 
schools program in five sites. The goal is to study the 
use of technology by students over a 3 to 5 year period. 
Sites draw on a combination of State, Federal, and in- 
dustry support and universities provide assistance with 
research and evaluation. Annual State funding for the 

^^Contingent on the development of a local plan. 



program is contingent on the total funds for technology 
approved by the Governor. 

Beginning July 1988, all teachers who apply for certifi- 
cation must meet new State requirements in computer- 
related coursework. 

Colorado 

State position/unit: Yes (1982) 

State plan: Being developed 

Key actors: Legislators; local Boards of Education 

Funds available through the State for technology 

activities: Federal 
Source of funding in most districts: Mixed 
State training policies: None (beginning to consider) 
State funding for technology training: None 
Way most teachers receive training: District 
Most important State action: Creating staff positions 

in SDE; formation of telecommunications consortium 
Next steps: Legislative action 
Major changes in past year: None; funding remains a 

prime concern 
Barriers: Funding; statewide direction (local control 

makes it difficult) 

In Colorado, where there is a tradition of strong local 
control of education. State-level consultants provide 
guidelines and assistance to schools and districts. State 
technology activities are supported with Chapter 2 funds. 
Recently, a telecommunications consortium made up of 
educators. State staff, representatives from business, in- 
dustry, and higher education was formed to address prol> 
lems faced by small, isolated school districts. 

Connecticut 

State position/unit: Yes (1980)^ 
State plan: Being developed 

Key actors: Business community; State Advisory Com- 
mittee; Chief State School Officer; teacher organiza- 
tions; parents; SDE consultants 

Funds available through the State for technology 
activities: State technology (pending for 1987-88); 
State education 

Source of funding in most districts: District 

State training policies: Preservice/inservice (recom- 
mended) 

State funding for technology training: None^' 
Way most teachers receive training: Regional center 
Most important State actions: Grants; training; estab- 
lishing regional service centers with software preview 
centers; statewide electronic network; telecommunica- 
tions projects 



^Consultant position was vacant from 1984 to 1987. 

^'Othcr State funds for professional development are available in Connecticut. 
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Major changes in past year: Advisory council formed 

to develop State plan and funding proposals 
Barriers: No instructional standards for use of com' 
puters; no training requirements; incompatible systems 
in schools; strong local autonomy; no ftinds for hard- 
ware; inequities between districts 
Following the recommendations of a Joint Commit- 
tee on Educational Technology, 1985 legislation created 
the Telecommunications Incentives Grants Program for 
distance learning, staff development, and on-line data- 
bases. Although $500,000 was requested for 1986-87, only 
$85,000 was appropriated. The State planned to request 
the same amount for 1987-88. Other grants are available 
to schools to enhance instruction and staff development 
involving technology, but no funds for hardware are 
available from the State. A State technology •:onsultant 
advises schools and districts about technology and en- 
courages the inclusion of technology in grant proposals. 
Technology training is available through regional Insti- 
tutes for Teaching and Learning, a $2.5 million staff de- 
velopment effort. Connecticut has established a statewide 
electronic network that disseminates information about 
technology. 

Delaware 

.State position/unit: Yes (1983) 

State plan: Yes (1983; being revised) 

Key actors: Legislators; State Advisory Committee; 
State Department of Public Instruction 

Funds available through the State for technology 
activities: State technology 

Source of funding in most districts: District 

State training policies: None^ 

State funding for technology training: Yes 

Way most teachers receive training: District 

Most important State action: Creation of unit in SDE; 
statewide computer network; establishing statewide 
technology council; training 

Major changes in past year: None 

Barriers: Funding for hardware/software; lack of qual- 
ity software that relates to existing curricula; proof that 
there is a need for and value to using computers in the 
schools 

Delaware has provided funding to school districts for 
computer education for 15 years. An electronic network, 
maintained by the State links school districts. The State 
has appropriated funds to all school districts on a per 
student basis since 1984 and districts must submit plans 
in order to receive State funds. A 1984 State plan em- 
phasized computer literacy, computer science, adminis- 
trative, and training needs, and gave some attention to 



A certification program for computer science teachers is pcndmg approval. 
Teachers are currently taking courses for certification. 



Other instructional applications of computers and other 
technology. A new plan is being reviewed. 

Three centrally-locaiod training laboratories, estab- 
lished in 1983, provided training on computer literacy; 
training has shifted to integration of technology into the 
curriculum. Districts can use State funds for training. 
Delaware also offers scholarships for training/retraining 
in computer science. 

A study of the use of CAI systems for basic skills was 
conducted in 1987-88. 

District of Columbia 

State position/unit: Yes (1983) 
State plan: Yes (1983) 

Key actors: State Advisory Committee; Chief State 

School Officer; school board; city council 
Funds available through the State for technology 

activities: State technology; Federal 
Source of funding in most districts: Mixed 
State training policies: Preservice (required); inservice 

(recommended) 
State funding for technology training: Yes^' 
Way most teachers receive training: State/District 
Most important State action: Board policy authoriz- 
ing first Five-Year Plan (1983) 
Next steps: Development of second Five-Year Plan 
Barriers: Additional funding and training to improve 
scope of use 

A Five-Year Plan specified certification and training 
requirements for educators, created a central training site, 
and set forth curriculum mandates for grades K-12. Fund- 
ing for all technology-related instructional and adminis- 
trative activities is included in the District of Columbia 
annual school budget. Yearly expenditures exceeded $3.3 
million in 1986-87 and were about $3.5 million in 1987- 
88. Chapter 1 and Chapter 2 funds are used to provide 
additional computer laboratories in elementary and jun- 
ior high schools. A second Five-Year Plan for computer 
education is in the final stages of development. 

Florida 

State position/unit: Yes (1981) 
State plan: Yes (1987) 

Key actors: Legislators; Chief State School Officer 
Funds available through the State for technology 

activities: State education,^^ Federal 
Source of funding in most districts: District 
State training policies: Preservice/inservice (recom- 
mended) 



Funds for training in technology arc included in the overall budget for tech' 
nology. 

The State provided funding for educational technology in IQ83<84( but no 
funds have been allocated since. 
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State funding for technology training: Yes" 
Way most teachers receive training: District 
Most important State action: Computer literacy re* 
quirement for all students in grades 3, 5, 8, and 11 
'Next steps: Certifying teachers in coHiputer education 
Major changes in past year: None 
Barriers: Funding; legislative support; coordination be- 
tween universities, community colleges, and school dis- 
tricts 

Legislation in 1981 stated that technology should be 
used to enhance the learning process and reduce admin- 
istrative burdens on teachers. Attention to cost-effec- 
tiveness was emphasized. In 1983-84, a one-time $10 mil- 
lion appropriation was given to schools on a per student 
basis for hardware and software for mathematics and 
computer literacy. Several related programs in mathe- 
matics, science, and computer education for students and 
teachers were established^ and $2 million in Federal 
funds were allocated for computers for vocational edu- 
cation schools. These programs and several additional 
projects have continued to receive funding, but for the 
past 3 years no State funds have been allocated for educa- 
tional technology. Federal Job Training Partnership Act 
and Chapter 1 funds are used for technology. SDE pro- 
posed that the legislature provide $10 million in 1988- 
89 to assist districts with implementation. 

The State supports a statewide electronic network, the 
Rorida Information Resources Network. The Florida 
Center for Instnictional Computing at the University 
of South Florida places software evaluations on the net- 
work. Florida also participates in SEED. 

A 1987 plan calls for technology to support basic skills 
in grades K-8 and for computer-supported educational 
and career planning systems for secondary students. A 
new plan is being developed to direct funds toward a 
model schools project, statewide acquisition of hardware, 
and a comprehensive mathematics, science, and com- 
puter education program, 

Georgia 

State position/unit: Yes (1984) 
State plan: Yes (1985) 

Key actors: Business community; legislators; Governor; 
State Advisory Committee; Chief State School Officer 



Summer inservicc institutes have made funds available for content area, non- 
credit training activities. 

^1) Post-Secondary Programs of Excellence in mathematics, science, and com- 
puter education for teacher training and cooperative jictivities between univer- 
sities, colleges, businesses and school districts. 2) Two Regional Centers of Ex- 
cellence in mathematics, science, and computer technology to develop 
instructional techniques, train teachers, and evaluate instructional materials. 3) 
Grants for summer camps for students and summer inservice programs for math- 
ematics and science teachers. 



Funds available through the State for technology 

activities: State technology;" Federal 
Source of funding in most districts: District 
State training policies: None 
State funding for technology training: No^ 
Way most teachers receive training: District 
Most important State action: Formation of Georgia 
Technology Council; creation of Technology Coordi- 
nator position in all schools; State grants program; 
specification of technology standards and program 
components 
Barriers: Competition for limited State funds 

Georgia's Quality Basic Education Act became effec- 
tive in 1985, establishing several grant programs and pro- 
viding funds for instructional technology and the admin- 
istrative networking of schools. In 1987, $500,000 was 
appropriated for hardware /software purchases and 
teacher training to uf , technology for recordkeeping and 
instructional management. Local districts must develop 
plans in order to receive grants. Other services (software 
evaluation and dissemination, training, and technical 
assistance) are provided by the State and regional edu- 
cation centers. Chapter 2 funds were used to pilot IBM's 
Writing to Read in five districts during 1987-88. 

Member districts may purchase software cooperatively 
through the Georgia Software Consortium. The Con- 
sortium was initiated with State funding and is now sup- 
ported by local districts. State staff select software and 
negotiate with publishers. Georgia also participates in 
SEED and distributes evaluations. 

A pilot study is attempting to align Georgia's core cur- 
riculum for K-8 mathematics with standardized tests. 
State tests, software, video, and texts. 

Hawaii 

State position/unit: No 

State plan: Yes (1980; revised 1987) 

Key actors: Business community; legislators; Governor; 
State Advisory Committee; Chief State School Officer 

Funds available through the State for technology 
activities: State technology; Federal 

Source of funding in most districts: State 

State training policies: Preservice/inservice (recom- 
mended) 

State funding for technology training: Yes 
Way most teachers receive training: District 
Most important State action: Providing resources to 

implement State plan 
Next steps: Development and expansion of plan 
Major changes in past year: None 



^^Funding for 1987'88» No funding was provided for educational technology 
in 1986-87. 

^Staff development funds may be used for technology training. 
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Barriers: Time and additional resources to catch up to 
and maintain pace with new developments 
Funds for technology are allocated on a per capita ba- 
sis and distributed to all districts for computer literacy, 
CAI, computer-managed instruction, and computer- 
based information retrieval. Over $1 million was allo- 
cated in 1986-87 and $1.8 million in 1987-88. All schools 
can apply for Chapter 2 funds. In 1987, SDE developed 
a framework for continued planning and State activity. 

About $150,000 was allocated to seven districts for in- 
service training activities in 1987-88. General staff de- 
velopment funds also are available to all districts. Some 
training via telecommunications is being initiated. 

Software is evaluated through a Computer Review 
Center and Clearinghouse. 

Idaho 

State position/unit: Yes (1984) 
State plan: Yes (1985) 

Key actors: State Advisory Committee; Chief State 

School Officer 
Funds available through the State for technology 

activities: State education; Federal 
Source of funding in most districts: District 
State training policies: None 
State funding for technology training: None 
Way most teachers receive training: District 
Most important State action: Slow approach has al- 
lowed users to develop necessary comfort level 
Next steps: Continue current efforts 
Major changes in past year: Increased legislative inter- 
est in distance learning 
Barriers: High costs; rapid change of technology 

State funding for technology is available indirectly 
through general State aid. Districts may also use Chap- 
ter 2 funds. SDE and Boise State University support a 
distance learning mathematics class for rural classrooms. 
Teacher training in technology is provided through 
university preservice and inservice activities and SDE- 
sponsored workshops. 

niinois 

State position/unit: No 
State plan: Yes (1985) 

Key actors: Legislators; Governor; business community; 

Chief State School Officer 
Funds available through the State for technology 

activities: State technology; State education; Federal 
Source of funding in most districts: State grants that 

may be used for technology 
State training policies: None" 



"institutions of higher education recommend training/courses in technology. 



State funding for technology training: Yes 
Way most teachers receive training: Regional centers 
Most important State action: Creating computer con- 
sortia and incorporation into Educational Service 
Centers 

Major changes in past year: None 

Barriers: No particular barrier; remaining questions are 

not what can be done with technology, but what 

should be done 

In 1985, the Illinois legislature incorporated 20 exist- 
ing State-funded computer consortiums into 18 Educa- 
tional Service Centers (ESCs). As part of an effort to ag- 
gregate services, ESCs are required to offer technology 
support to districts, developing budget requests based on 
local needs and priorities. In 1986-87, $8.5 million was 
appropriated for 18 ESCs and $8.16 million in 1987-88. 
A Math/Science Equipment and Materials Loan Pro- 
gram was initiated by the State in 1987 with a one-time 
$20 million appropriation. 

Illinois does not provide direct support for distance 
learning but local districts may, and do, use State aid. 
An electronic r .-work between SDE and regional centers 
is in place; si^.,,c centers also have a network with local 
districts. 

Training in technology is offered through ESCs. Staff 
development funds also are available. A software evalu- 
ation database is available to each ESC. 

Indiana 

State position/unit: Yes (1980) 
State plan: Yes (1983) 

Key actors: Legislators; Governor; Chief State School 
Officer; Consortium for Computer and High Technol- 
ogy Education 

Funds available through the State for technology 
activities: State technology; Federal 

Source of funding in most districts: Capital Improve- 
ment Fund^ 

State training policies: Preservice (recommended) 
State funding for technology training: Yes 
Way most teachers receive training: State 
Most important State action: Funding training rather 
than hardware/software; funding demonstration 
projects; change in laws to allow purchase of hardware 
via Capital Improvement Fund; creation of low-interest 
loan program. 
Major changes in past year: None 
Barriers: Curriculum 

In 1983 legislation created the Consortium for Com- 
puters and High Technology Education. The Consor- 



A separate local tax levy funds buildings, replacements, and renovation. The 
second primary source of funding for technology at the district level is the School 
Technology Advancement Account, a State low-interest loan program. 
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tium developed a plan addressing training, research, and 
demonstrarion, but not curriculum. Over $5 million was 
appropriated for training and demonstration projects for 
1985-87 and again for 1987-89. Funds for districts are also 
available through a Low Interest Loan Program, the State 
Capita! Improvement Fund, and Federal Chapter 1, 
Chapter 2, and Title II programs. 

The first round of State funding focused on teacher 
training. Initial efforts provided introductory level train- 
ing (with substitutes) through nine training centers and 
more advanced training through local funding and col- 
leges/universities. The centers were closed and training 
is now conducted at school sites by regional consultants. 
Indiana now funds some local programs and teacher fel- 
lowships. 

With State funds, nine demonstration projects with a 
2:1 ratio of students to computers were implemented in 
self-contained classrooms in 1985. Eight of the projects 
received sustaining levels of funding for a second year 
and competition was opened for additional sites. The 
next steps include replication. 

Iowa 

State position/unit: No^^ 
State plan: No 

Key actors: Intermediate service agencies 

Funds available through the State for technology 

activities: State education; Federal 
Source of funding in most districts: State grants that 

may be used for technology 
State training policies: None 
State funding for technology training: None 
Way most teachers receive training: Regional centers 
Most important State action: Start-up money for In- 
structional Software Clearinghouse 
Major changes in past year: State program was elimi- 
nated and funding cut; responsibility now at local and 
regional level 

Barriers: Completion of statewide electronic network 
Legislation in 1987 contained a provision for check- 
ing wasteful proliferation of computers and mandated 
that plans be approved by the State before any local 
funds could be spent on technology. A State unit was 
created in 1973 and, with State coordination, 13 regional 
computer centers were established with local ftinds. These 
centers have been phased out and regional education 
units now provide consultant and support services to 
schools and districts. In 1987, the State technology unit 
was also eliminated. General State aid and Federal funds 
are used at the discretion of local districts. 



''An educational technology unit in the State Department of Education was 
created in 1973 and abolished in 19S7. 



In 1982, $100,000 from the legislature (to be paid back 
later) provided seed money for a software clearinghouse. 
Additional funds were appropriated in 1984 and 1985. 
The start-up money for the clearinghouse, which bought 
software at reduced rates and sold it to schools, was paid 
back and the clearinghouse functions were turned over 
to intermediate units. 

With Iowa Public Television, SDE helped coordinate 
five distance learning projects using local funding and 
business support. Districts interest in a statewide elec- 
tronic network that would use existing distance learn- 
ing systems is under investigation. 

Kansas 

State position/unit: Yes (1984) 
State plan: No 

Key actors: Chief State School Officer 

Funds available through the State for technology 

activities: State education; Federal 
Source of funding in most districts: District 
State training policies: Preservice (required); inservice 

(recommended) 
State funding for technology training: None 
Way most teachers receive training: District 
Most important State action: Creating position in SDE 
Major changes in past year: None 
Barriers: Funding; perceptions of need 

General State aid is available to districts for technol- 
ogy and Title II funds are available for training. Plan- 
ning and curriculum development assistance is available 
as requested by the districts. 

Kentucky 

State position/unit: Yes (1984) 
State plan: Being developed 

Key actors: Business community; Governor; State Advi- 
sory Committee; Chief State School Officer; Chair, 
State Board of Education 

Funds available through the State for technology 
activities: State technology; State education; Federal 

Source of funding in most districts: Parent-Teacher 
Association funds 

State training policies: Preservice (required); inservice 
(recommended) 

State funding for technology training: None 

Way most teachers receive training: State through 
district 

Most important State action: Created computer spe- 
cialist position and similar positions in special educa- 
tion in SDE 

Next steps: Additional staffing and creation of State unit 
for instructional computing in SDE 
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Major changes in past year: Governor's office worked 

with private vendor to create more involvement in 

educational technology; electronic network proposed 
Barriers: Lack of funding to equalize districts; lack of 

funding for ongoing inservice training 

In 1986, the legislature passed two grant programs to 
address educational priorities, particularly the Kentucky 
Essential Skills curriculuru. Some projects receiving 
grants involve technology. Additional funding for educa- 
tional technology is local or comes from Federal funds. 
In 1986-87, a statewide electronic network for adminis- 
trative uses, the Kentucky Educational Networking Sys- 
tem was proposed. The project will place a terminal on 
each teacher's desk at no cost to the districts. 

Kentucky requires teachers to have at least one course 
in using technology for certification. Most inservice train- 
ing is conducted by local colleges of education. 

The Kentucky Network for Educational Telecommu- 
nications, a cooperative effort of the Kentucky Associa- 
tion of School Administrators, SDE, Kentucky Educa- 
tional Television, and the Kentucky School Boards 
Association provides networking and information to sub- 
scribing educators and administrators. 

Project Vision, a videodisc project in basic mathematics 
in grades K-2, was tested in eight sites and-funded pri- 
marily through donations and private in-kind support. 
The program was designed with input from teachers and 
incorporates the Kentucky Essential Skills curriculum. 
Through an agreement with the vendor, hardware and 
software for the project are now available outside of 
Kentucky. 

A tdsk force is investigating potential for ITV and in- 
service programs. The State will install a satellite dish 
on every school building by 1988-89. 

Louisiana 

State position/unit: No 
State plan: No 

Key actors: Teacher organizations; district superin- 
tendents 

Funds available through the State for technology 

activities: None 
Source of funding in most districts: Chapter 

1 /Chapter 2 
State training policies: Preservice (required) 
State funding for technology training: None 
Way most teachers receive training: District 
Major changes in past year: New Governor and su- 
perintendent in March 1988 
Barriers: Funding 

Federal Chapter 1 and Chapter 2 funds are the main 
source of funding for technology in Louisiana at the lo- 
cal level. No State funds are provided for technology. 




and State involvement is limited. SDE offers informa- 
tion and assistance to schools and conducts an annual 
survey of computer use. A half-unit course in computer ^ 
literacy is required for high school graduation (a com- 
puter science or data processing course may be substi- . 
tuted). Certification requirements for computer literacy ^ ,^ 
and computer science teachers have been established. 

Maine 

State position/unit: Yes (1979)*^ 
State plan: Being developed 

Key actors: Legislators; Governor; Chief State School 
Officer, Maine Computer Consortium; State computer 
consultant 

Funds available through the State for technology 

activities: State education; Federal 
Source of funding in most districts: Chapter 2 
State training policies: None (being reviewed) 
State funding for technology training: None^^ 
Way most teachers receive training: District 
Most important State action: High school proficiency 

requirement; creating half-time computer coordinator 

position; use of Chapter 2 funds for Computer Con- 

soi;tium 

Next steps: Survey districts; develop State plan 
Major changes in past year: High school proficiency 
requirement 

Barriers: Lack of funds; proof of effectiveness; legisla- 
tive support; local priorities 

As part of a 1984 reform act, high school students in 
Maine are required to demonstrate proficiency in the use 
of computers. Local districts define proficiency and must 
submit a plan for State approval. No State funds are ear- 
marked for technology and no other technology-related 
initiatives have been proposed at the State level. Maine's 
Innovative Grants program may award flinds to programs 
with a technology component. Pi'ofessional development 
funds are available for training in technology and the 
SDE staff provide training and assistance to educators, 
schools, and districts. Funding for the State's educational 
technology activities and for technology in most districts 
comes from Chapter 2 money. 

New institutional relationships have been developed 
to facilitate the use of technology in Maine's schools. The 
Maine Computer Consortium was created in 1983 using 
Chapter 2 funds. The Consortium, which provides train- 
ing, software review and preview services, and technical 
assistance to member districts has continued to receive 
Chapter 2 funding from the State, but most support . 
comes from member districts. In 1986-87, with a $20,000 
State Chapter 2 grant and in-kind gifts from Apple, the 



*^alf-time position. 

^'Staff development funds may be used for technology training. 
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Consortium created ME-Link, an electronic network. 
The network is available to any educator in the State 
with a modem. The Consortium received $5,000 in 
Chapter 2 funds in 1987-88 to publish descriptions of 
exemplary programs involving technology in the State's 
classrooms. 

Maryland 

State position/umt: Yes (1986) 
State plan: Yes (1987) 

Key actors: Business community; State Advisory Com- 
mittee; Chief State School Officer; teacher organi- 
zations 

Funds available through the State for technology 

activities: State education; Federal 
Source of funding in most districts: Chapter 2 
State training policies: None 
State funding for technology training: Yes 
Way most teachers receive training: District 
Most important State action: Maryland Educational 

Technology Network 
Major changes in past year: Development of State plan; 

alternative funding programs; partnerships with busi- 
ness and industry 
Barriers: Determination of effectiveness; funding 

The Maryland Education Technology Network (METN), 
a project* to provide hardware, software, information, and 
staff support, is a joint effort of the State, districts, and 
vendors. The goal of METN is to deliver educational ma- 
terials equitably to schools statewide. During 1985-86, 
IBM-networked computer laboratories were pilot tested 
in five schools and the project was evaluated. SDE 
assisted with training and coordination. METNs have 
been implemented in 3 1 school sites using grants from 
vendors, local funds, and State/local matching grants. 

The Maryland Education Foundation (a private foun- 
dation) provided $100,000 for State/local matching 
grants for hardware in 1986-87. There are plans to ex- 
pand METN, but no State funding has been allocated. 
Currently, METN is being upgraded to deliver software 
electronically and to connect sites with SDE. 

The State allocated $59,000 to 24 school districts in 
1988-89 for training to help teachers integrate technol- 
ogy into the curriculum. 

Massachusetts 

State position/unit: Yes (x987)*^ 
State plan: Yes (1987) 

Key actors: Legislators; State Advisory Committee; 
professional teacher organizations 



* In 1987, the Bureau of Educational Resources and Television was changed 
to the Bureau of Educational Technologies. 



Funds available through the State for technology 

activities: State technology; Federal 
Source of funding in most districts: Varies by district 
State training policies: None 
State funding for technology training: Yes 
Way most teachers receive training: Mixed 
Most important State action: 1985 Act establishing the 
Educational Technology Trust Fund, subject to ap- 
propriations 

Major changes in past year: Advisory Council has pre- 
sented a State plan and requested increased funding 

Barriers: Technology given a lower priority than some 
other issues 

In 1985, State legislation created an Educational Tech- 
nology Trust Fund to provide grants to local school dis- 
tricts for programs and model projects integrating tech- 
nology into the classroom. An Educational Technology 
Council was established. The State allocated $500,000 
for the grants program in 1986-87 and $600,000 in 1987- 
88. An Educational Technology Capital Improvements 
Grants program provided $1 million in 1987-88 to help 
districts purchase equipment. A State plan and a request 
for increased funding were presented to the Board of Edu- 
cation but no action has been taken. 

The Commonwealth Inservice Institute, operated by 
the Massachusetts Department of Education, provides 
grants to districts for training teachers and administra- 
tors in the use of technology. In 1988, the SDE plans 
to assist schools in planning, acquiring, and training for 
the use of technology. Regional centers and a number 
of other consortia and organizations also provide assis- 
tance, support, and software preview services to schools 
and educators. 

Four distance learning pilot projects, each connecting 
two sites, were funded in 1986-87 and 1987-88. 

Michigan 

State position/unit: Yes (1986) 
State plan: Yes (1987) 

Funds available through the State for technology 
activities: State technology; State education; Federal 

Source of funding in most districts: District 

State training policies: None 

State funding for technology training: Yes 

Way most teachers receive training: District 

Most important State action: State plan; establishing 
regional technology centers; suggested curriciUum 
guidelines 

Next steps: Broaden scope 

Major changes in past year: State plan, 1987 

Barriers: Identification of common goals among vari- 
ous groups; coordination of grants 
A 1983 educational reform report recommended that 

technology be integrated into instruction and educational 
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management One-half year of "hands on" computer edu* 
cation was also recommended for high school graduation. 
As a result, a number of discretionary grants were 
awarded to schools and districtsYor technology projects. 
A State plan for technology, developed over 3 years, was 
approved in 1987. It calls for the State to provide tech- 
nical and planning assistance to districts, assist in fund- 
ing options for hardware and software, act as an infor- 
mation clearinghouse, conduct evaluations, and provide 
training. Over $1 million for Special Projects Discretion- 
ary Grants was appropriated by the State in 1986-87 and 
1987-88. Funds for two-way interactive television and 
computer literacy/educational technology also were pro- 
vided in 1987-88. Federal Chapter 1, Chapter 2, and Ti- 
de II funds for technology are distributed on a joint basis. 

Three regional centers provided software preview, in- 
formation, and technology support services to districts. 
These services are now offered through the regional edu- 
cation service centers. An additional center for technol- 
ogy training was funded in 1987-88. 

Minnesota 

State position/unit: Yes (1979) 
State plan: Yes (1985)" 

Key actors: Business community; legislators; Governor; 

Chief State School Officer 
Funds available through the State for technology 
activities: State technology; State education; Federal 
Source of funding in most districts: State grants that 

may be used for technology and district funds 
State training policies: Preservice (recommended)^^ 
State funding for technology training: Yes 
Way most teachers receive training: State/District 
Most important State action: Training; planning; fo- 
cus on learning rather than technology 
Major changes in past year: Distance learning use by 
rural districts 

Barriers: Questions about cost-effectiveness relative to 

other improvement strategies 

State educational technology efforts began in the 1970s 
with the creation of the Minnesota Educational Com- 
puting Consortium (MECC) to provide computer serv- 
ices to schools through a time-sharing system, train 
teachers, conduct evaluations, and develop software. The 
1983 legislation extended State efforts through funding 
to districts for technology planning, training, and soft- 
ware purchase. Technology demonstration sites were also 
supported and State funds were appropriated to MECC 

^^Minnesota's 1985 plan, Information Technology Learner Outcomes, focuses 
on enhancing learning using educational technology and lays out broad educa* 
tional goals with sug^^sted instructional approaches. 

**Minnesota requires media teachers to demonstrate familiarity using technol* 
ogy in instruction at the preservice level and recommends that all preservice 
and inservicc teachers take a computerrelated course and/or show familiarity 
using technology in instruction. 



for software development. Over time, MECC has sup- 
ported its activities by selling software outside of Min- 
nesota and is now a separate nonprofit corporation. 

At present, Minnesota's strategy is to make the use of 
technology "invisible'*— less separate from other educa- 
tional initiatives and objectives— by encouraging the use 
of application software in subject areas. Minnesota has 
also supported distance learning to teach elective courses. 
Funding for model technology projects decreased from 
$5.3 million in 1983-85 and 1985-87 to $2.8 million in 
1987-89. Instead, innovative projects involving technol- 
ogy are supported under State funds for instructional de- 
sign. State funds for technology are available through 
general State aid and Federal dollars are used at local 
discretion. Sixty percent of all educarional ftinding is pro- 
vided by the State. Minnesota has continued to fund 
technology training at about $865,000 per year. An $8 
million professional development program provides op- 
portunities for teachers to learn how to use technology 
in instruction. 

Mississippi 

State position/unit: No 
State plan: Being developed 

Key actors: Chief State School Officer; local district ad- 
ministrators 

Funds available through the State for technology 

activities: Federal 
Source of funding in most districts: District 
State training policies: None 
State funding for technology training: None 
Way most teachers receive training: District 
Most important State action: Pilot project assessing use 

of distance delivery using TI-IN 
Major changes in past year: A State plan will be de- 
veloped 
Barriers: Funding; training 

State activities and funding for educational technol- 
ogy in Mississippi are limited and the SDE staff person 
responsible for technology has left and has not been 
replaced. The State evaluates administrative software and 
participates in SEED. Tide 11 funds are being used for 
a distance learning pilot project in a rural school. The 
State superintendent has appointed a chairman and com- 
mittee to begin work on a State plan for technology in 
the schools. 

Missouri 

State position/unit: No 
State plan: No 

Key actors: Business community; teacher organizations 
Funds available through the State for technology 
activities: State education; Federal 
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Source of funding in most districts: Chapter 2 

State training policies: None 

State funding for technology training: Yes 

Way most teache&*s receive training: District 

Most important State action: One time allocation of 
$3 million in 1985-86 

Next steps: Dissemination of information on successful 
projects followed by incentives to adopt 

Major changes in past year: None 

Barriers: Diversity; funding; lack of training/commit- 
ment by school staffs 

During 1985*86, $2.5 million was provided by the Mis- 
souri legislature for hardware, software, and staff train- 
ing. Most went to school districts on a formula basis and 
the rest was used for training provided by temporary 
State consultants. 

No State funds have been appropriated specifically for 
technology since; however, $4 million for innovative and 
exemplary programs was provided in 1986-87. These 
funds may be used for training. In addition. State text- 
book funds may be used for software. Federal Chapter 
1, Chapter 2, and Title II funds may be used by districts 
for technology at local discretion. 

In 1987, the Missouri School Boards Association estab- 
lished the Educational Satellite Network (ESN) to pro- 
vide interactive instructional programming, inservicc 
education, and other programs. ESN owns and main- 
tains all satellite receiving systems and schools pay for 
installation, local maintenance, and program guides. The 
State will approve curriculum and programs on the sys- 
tem and the President of the State Board of Education 
will serve on the ESN Board of Directors. 

Montana 

State position/unit: Yes (1981) 
State plan: No 

Key actors: Chief State School Officer; teacher organi- 
zations; parents 
Funds available through the State for technology 

activities: Federal 
Source of funding in most districts: Chapter 2 
State training policies: Preservice (required); inservice 

(recommended) 
State funding for technology training: None 
Way most teachers receive training: District 
Most important State action: Active support of SDE 

in assisting schools and educators 
Major changes in past year: All State funding is fro- 
zen and local levies cannot pick up slack due to voted 
initiative 

Barriers: Funding; training; resistance to change 

There are no legislative mandates or State funds for 
technology in Montana. The Board of Public Education 
recommends that all students become computer literate 



and SDE provides training and assistance to schools and 
districts. Curriculum decisions are made locally and dis- 
tricts decide how to spend State general aid and Federal 
funds. Teachers are required to have familiarity using 
technology in instruction at the preservice level. The 
Board of Education has begun to study accreditation 
standards for schools, and technology is a major concern 
for all subject areas. 

A National Science Foundation and Title 11 funded 
program. Project IMPACT (Integrating Mathematics Pro- 
grams and Computer Technology) is operated through 
the Montana Council of Teachers of Mathematics, the 
University of Montana, Montana State University, and 
the Montana Office of Public Instruction. Mathematics 
teachers in grades 7 to 12 will receive training to inte- 
grate technology into instruction during 1988-89. 

Nebraska 

State position/unit: Yes (1985) 
State plan: Yes (1986) 

Key actors: Chief State School Officer; Educational 

Telecommunications Commission 
Funds available through the State for technology 

activities: None 
Source of funding in most districts: District 
State training policies: None 
State funding for technology training: None 
Way most teachers receive training: Mixed 
Most important State action: None 
Next steps: Do a realistic long-term plan 
Major changes in past year: None 
Barriers: Funding; politics; vision/understanding 

Legislation in 1984 created the Educational Technol- 
ogy Consortium which developed a set of recommenda- 
tions for instructional technology in Nebraska. No fund- 
ing was appropriated for implementation, however, and 
activity varies depending on local priorities. The State 
provides technical assistance and training on a limited 
basis. 

Nevada 

State position/unit: Yes (1985) 

State plan: Yes (elementary 1986; secondary 1988) 

Key actors: District computer coordinators 

Funds available through the State for technology 

activities: State education; Federal 
Source of funding in most districts: District 
State training policies: Preservice/inscrvicc (recom- 
mended) 

State funding for technology training: None 
Way most teachers receive training: For-crcdit course 
paid for by teacher 
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Most important State action: State funding for tech- 
nology appropriated in 1985 
Major changes in past year: None 
Barriers: Continued State funding 

In 1985, the legislaa^'-e appropriated $10 million on a 
one-time basis for educational technology; $7 million was 
used for K'12 program improvement and $3 million was 
earmarked for vocational/occupational education. Ad- 
ditional discretionary funds were provided in 1985-86 and 
1986*87 for overall program improvement but were not 
designated for technology. These State fiinds and Fed- 
eral Chapter 1 and Chapter 2 funds are used at local dis- 
cretion. Some Chapter 2 grants awarded by the State 
include a technology component. An elementary course 
of study was adopted which includes computer literacy 
and use. A secondary course of study with a computer 
componertc is being developed. 

The State funded a distance learning pilot project 
within one district for 2 years. The project is now funded 
locally. There is concern that distance learning efforts 
are duplicated and a new task force will develop recom- 
mendations regarding educational telecommunications 
for the 1989 legislative session. 

The State technology consultant provides assistance 
and training by request. Training grants are provided 
with Title II funds. 

New Hampshire 

State position/unit: No 
State plan: Yes (1986) 

Key actors: Business community; legislators; Governor; 

State Advisory Committee; Chief State School Officer 
Funds available through the State for technology 

activities: State technology; Federal 
Source of funding in most districts: State grants for 

technology 
State training policies: None 
State funding for technology training: Yes 
Way most teachers receive training: District 
Most important State action: Providing 1,950 teachers 

with computers for 3 years; interactive videodisc pilot 

project 

Major changes in past year: Continued and increased 

funding for initiatives in place 
Barriers: Changes in economy that may restrict 

spending 

Under a 1985 Governor's Initiative Program, $5 mil- 
lion was awarded for education of the gifted and talented, 
computers for teachers, and technology in the classroom. 
An additional $2.5 million was appropriated for educa- 
tional technology in 1987. With these funds, 1,950 
teachers were provided with a computer for 3 years and 
offered training and networking assistance. In addition. 



grants were awarded to six teachers to develop model 
instructional lessons using videodisc. Empirical data was 
collected, but it is too early to assess effects on student 
outcomes. Other State grants are available for videodisc 
hardware, training, model projects, and distance learn- 
ing. All grants require a training component. Federal 
Chapter 2 and Title 11 funds may be used for technology- 
related activities at local discretion. 

New Jersey 

State position/unit: Yes (1983) 
State plan: Yes (1986) 

Key actors: Governor; State Advisory Committee; 
Chief State School Officer 

Funds available through the State for technology 
activities: State technology; State education; Federal 

Source of funding in most districts: District 

State training policies: None 

State funding for technology training: Yes 

Way most teachers receive training: State 

Most important State action: Creation of State tech- 
nology unit; funding training centers; school improve- 
ment project for urban districts; implementing State 
plan; developing educational technology network 

Next steps: Product development; training on integra- 
tion of technology into classrooms 

Major changes in past year: On a plateau now with 
no significant changes in sight 

Barriers: Training; quantity of hardware still low in 
many districts 

A State plan for educational technology was issued by 
SDE in 1986. Three regional training centers were estab- 
lished and provide free, ongoing services to educators. 
Each center consists of a training laboratory and a soft- 
ware/hardware library. A statewide telecommunications 
system, the Educational Technology Network, was cre- 
ated and provides free access to districts that have the 
right equipment. Technology is included as part of a com- 
prehensive effort to improve educational services in three 
urban districts, called Operation School Renewal (OSR). 
Over $1 million supported these three programs in 1986- 
87 and $278,000 was provided in 1987-88. Funds for tech- 
nology are also available through general State aid, Fed- 
eral special education funding, and a portion of Chap- 
ter 1 funds. 

A pilot project to transmit soitware electronically was 
implemented in Trenton in 1987 using OSR funds and 
vendor contributions. Other districts are expected to 
have similar capabilities soon. Three other pilot projects 
are looking at any changes in mathematics and writing 
skills of eighth grade students due to computer use and 
evaluating teachers* uses of computers. The technology 
component of OSR also is being evaluated and reports 



ERLC 



232 



223 



are pending. SDE has developed and used interactive 
videodisc technology and ITV for teacher support and 
training. 

New Mexico 

State position/unit: Yes (1980)^^ 
State plan: No 

Key actors: State Advisory Committee 

Funds available through the State for technology 
activities: State education; Federal 

Source of funding in most districts: State capital out- 
lay funds 

State training policies: None 

State funding for technology training: None 

Way most teachers receive training: District; for-credit 
course; teacher to teacher 

Major changes in past year: State Board of Education 
approved guide for computer literacy in grades 1'8 

Barriers: Training; research on effects of technology in 
instruction and how best to implement what exists »n 
schools 

In 1986, legislation mandated the inclusion of computer 
literacy and computer use in the instructional program 
for grades four through six, a computer literacy elective 
in grades seven through eight, and an elective course in 
-computer-science at the high school level During 1985- 
86, over $1 million was appropriated to help schools pur- 
chase hardware and software. The funds were distributed 
on a competitive basis. Approximately half of the dis- 
tricts received funds; most received only partial funding 
for projects. The State has not provided additional fund' 
ing for educational technology. Districts typically use 
State capital outlay funds for hardware and Federal fund' 
ing is used for technology at local discretion. School diS' 
tricts provide for their own training needs. 

New York 

State position/unit: Yes (1982) 
State plan: Yes (1985)^ 

Key actors: Legislators; Chief State School Officer; 

teacher organizations 
Funds available through the State for technology 

activities: State technology; State education; Federal 
Source of funding in most districts: State funds for 

technology received by all districts 
State training policies: None 
State funding for technology training: Yes 
Most important State action: Creating technology unit 

in SDE; plan approved by Regents 

^^A Computers in Education Committee has been established In the State De- 
partment of Education but, its influence on State action has been minimal. 

^New York's plan for educational technology is strategic, not operational. 
Some legislation proposed in the plan has been passed. 



Next Steps: Remove regulatory and funding harriers; 

study potential policy barriers 
Major changes in past year: A reconsideration of pol- 

icy issues 

Barriers: Regulations and funding mechanisms that 
make it difficult to use technology for instruction across 
institutional boundries 

The 1983 "Regents Action Plan to Improve Elemen- 
tary and Secondary Education" required curriculum re- 
visions and the integration of technology into all con- 
tent areas, and initiated a range of State efforts to support 
the use of technology in education. The Center for 
Learning Technologies developed a plan of action in 1985 
that included research and development (R&dD), profes- 
sional development, instructional materials, telecommu- 
nications, and technological integration. State funds sup- 
port hardware and software purchase, the Technology 
Network Program (to link schools electronically), and 91 
Teacher Resource and Computer Training Centers. 
About $36 million funded technology initiatives in 1986- 
87 and $41.2 million in 1987-88. In addition, the State 
provides partial funding for cooperative projects, many 
of which are technology related. Federal funds are used 
by districts and within the guidelines of specific programs, 
but specific figures are not available. 

A Technology Planning Program for local districts was 
developed .by -the Center for Learning Technologies; 
replication is planned if the project is funded again. 
Training for educators is available through the Teacher 
Resource and Computer Centers. 

Several projects targeted to specific populations, includ' 
ing the use of distance learning for rural schools, are also 
supported by the State. A proposal to study New York's 
educational policies is under consideration. 

North Carolina 

State position/unit: Yes (1984) 
State plan: Yes (1983)^' 

Key actors: Legislators; State Advisory Committee; 
Chief State School Officer; district computer coordi- 
nators 

Funds available through the State for technology 
activities: State technology; Federal 

Source of funding in most districts: State technology 
funds received by all districts 

State training policies: Preservice/inservice (recom- 
mended) 

State funding for technology training: Yes 
Way most teachers receive training: District 
Most important State action: State plan; guidelines; 
funding for statewide computer education program 



^'North Carolina's State plan addresses the use of computers in schools. 
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Next steps: Implementation of distance learning by sat- 
ellite in all districts and 54 small schools 
Major changes in past year: Computer legislation and 
funding completed; slowdown in growth and training 
expected; increased activity in telecommunications 
Barriers: Time and funds for local school systems to im- 
plement State initiatives and directives 
A State plan for computers in education was approved 
in 1983 and $28.5 million was appropriated for hardware, 
software, maintenance, and staff development over a 3- 
year period (1984*87). The goal of State action was to 
provide at least 1 computer for every 50 students for at 
least 30 minutes of hands-on use pei week. Districts were 
required to submit a plan for funds. In addition. Title 
H: funds are used for innovative technology projects and 
to support the use of technology by underserved students. 
During 1986, SDE issued computer competencies for all 
students in K'12 and made recommendations on media 
center automation and computer facilities. 

In 1986-87 a distance learning by satellite pilot project 
was undertaken using a Federal Title U grant. Following 
a positive evaluation, $3 million in Staie funds was allo- 
cated in 1987-88 to implement distance learning by sat' 
ellite in 54 small, mostly rural high schools. 

Three levels of technology competencies for educators 
•have been defined by the State. A new title and increase 
in salary is awarded to teachers who reach an advanced 
level of training in technology and wish to take on a su' 
pervisory role. During 1985-87, $2 million was allocated 
to school districts on a per certified position basis for tech- 
nology training. The State also appropriates $100 per 
teacher for staff development each year. 
North Carolina participates in SEED 

North Dakota 

State position/unit: No 
State plan: Being developed 

Key actors: Legislators; Governor; State Advisory Com- 
mittee; Chief State School Officer 

Funds available through the State for technology 
activities: State technology (1987-88); Federal 

Source of funding in most districts: District 

State training policies: None 

State funding for technology training: None 

Way most teachers receive training: For-credit course 
paid for by teacher 

Most important State action: Appropriating funds for 
1987-89 

Next steps: Complete State plan; expand funding and 

implement plan 
Major changes in past year: Reduced enrollment and 

financial resources and lack of upper level courses in 

certain areas may encourage greater use of technology, 

especially in rural schools 



Barriers: Funding; attitude of administration; lack of 
training 

Two pieces of legislation in 1987 provided funds for 
educational technology. No State funds were appropri- 
ated prior to this action. For ,1987-89, a $500,000 ap- 
propriation enabled local school districts to purchase 
equipment and programming. The State allocated 
$100,000 to develop software on North Dakota history 
and geography with Broderbund Software and $50,000 
for a foreign language distance learning program. Dis- 
tricts may use Chapter 2 funds for hardware. The State 
has provided funding to a public television station which 
provides sorre training in the use of instructional tech- 
nology, primarily ITV. A State plan for technology is 
being developed. 

Ohio 

State position/unit: Yes (1984) 
State plan: Being developed 

Key actors: State Advisory Committee; Chief State 
School Officer; teacher organizations; other profes- 
sional organizations 
Funds available through the State for technology 
activities: State technology; State education; Federal 
Source of funding in most districts: Chapter 2 
State training policies: Preservice (required); inservice 

(recommended) 
State funding for technology training: Yes 
Way most teachers receive training: Regional centers 
Most important State action: Educational Technology 
Center; curriculum and planning publications; Class^ 
room of the Future project; annual statewide computer 
fair; ITV network which provides services through re- 
gional centers 
Major changes in past year: Classroom of the Future 
projects expected to have a positive effect on State 
efforts 

Barriers: Funding; unequal funding at local level; ques- 
tions about extent of State role 
The Educational Technology Center was established 
in 1984 to disseminate information, provide hardware 
and software preview, and offer technical assistance. 
Since 1979, the State has also supported the Ohio Edu- 
cation Computer Network, an effort to link all school 
districts for administrative purposes. SDE encourages the 
use of technology to promote learning skills and has de- 
veloped guidelines in the area of industrial arts/technol- 
ogy education at the junior high and high school level. 
Approximately $4 million in Chapter 2 funds were used 
for instructional technology at the local level in 1986-87 
and it is expected that a similar amount will be used in 
1987-88. 

In 1987-88, $200,000 was allocated to one school dis- 
trict to begin development of a curriculum that includes 
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the use of technology. The district, which is working with 
local community colleges and businesses, has focused on 
training first and is seeking additional funds to continue. 
Ohio also has provided some funding (mostly Federal dis- 
cretionary funds) for the Classroom of the Future, an 
effort to develop a model curriculum which includes tech- 
nology and provides demonstration sites throughout the 
State. Recommendations will be produced in the sum- 
mer of 1988 and additional State fiinds probably will be 
requested to implement den.onstration projects. 

Ohio requires preservice familiarity with the use of 
computers in instrucrion for certificarion. Inservice train- 
ing is primarily the responsibility of districts and the ITV 
network. State funds for inservice training are available 
through a professional development program and cate- 
gorical funds from lottery proceeds may be used for tech- 
nology training. Federal funds are available through Ti- 
tle U and Chapter 2. The State has allocated $150,000 
for planning for a Teacher Technology Center, 

Oklahoma 

State position/unit: Yes 
State plan: No 

Key actors: Business community; legislators; Chief State 
School Officer 

JEunds^available through the State for technology 
activities: State technology; Federal 

Source of funding in most districts: State grants for 
technology to a limited number of schools or districts 

State training policies: Preservice (required)^ 

State funding for technology training: None 

Most important State action: Satellite instruction reg- 
ularions; establishing certificate of endorsement in com- 
puter science; State grants for technolo^(y 
' Next steps: Develop State plan 

Major changes in past year: Decreased funding for edu- 
cation due to crises in oil and agriculture industries 

Barriers: Funding; awareness, understanding, and sup- 
port of decisionmakers 

Since 1983, Oklahoma has funded a competitive tech- 
nology grant program for school districts for equipment, 
software, and for administrative support for instructional 
programs. The State appropriated $1.5 million in 1986- 
87 and $1.9 million in 1987-88. Additionally, $50,000 
was, granted to Stillwater Public Schools for a PLATO- 
WICAT Computer Program in 1986-87. Computer sci- 
ence is a recommended elective for students preparing 
for admission to Oklahoma colleges an .1 universities and 
schools are encouraged to use technology in ways to help 
meet the needs of students and faculty. A curriculum 



^^Prescrvice cou^sc^vork in computer literacy is required in Oklahoma for early 
childhood and elementary certification^ At the secondary level, computer 'related 
courses are required for teachers of bu$me.». mathematics, computer science, 
and for media/library specialist certification. 



guide and recommendations for keyboarding have been 
developed. 

The State supports a variety of distance learning and 
rural education activities: $330,000 for competitive Ru- 
ral Technology Education Grants for Satellite Instruc 
tion in 1986-87 and again in 1987-88; $185,000 for 
Telecommunications in Education Grants; and a 
$212,000 grant to Oklahoma State University for satel- 
lite instruction course development in 1987-88, includ- 
ing a German-by-Satellite course. In 1987, the State 
Board of Education adopted regulations governing sat- 
ellite instruction. 

Computer-related courses at the preservice level are re- 
quired for some teachers. The State provides no fund- 
ing for training but offers workshops on site and throu^ 
the SDE Computer Laboratory, SDE also maintains a 
software preview library and provides information and 
technical assistance to educators. 

Oregon 

State position/unit: Yes (1960s) 
State plan: No 

Key actors: Business community; Chief State School 
Officer 

Funds available through the State for technology 
activities: State technology (1986-87); State education; 
Federal 

Source of funding in most districts: Chapter 2 
State training policies: None 
State funding for technology training: Yes*' 
Way most teachers receive training: District 
Most important State action: Providing curriculum ma- 
terials for video (for over 20 years) and for computers 
(over 5 years) 

Major changes in past year: Large decrease in State sup- 
port for technology instructional materials 

Barriers: State technology funding has been reduced 
each year since 1978 

Oregon has supported instructional video since the 
1960s. In the early 1980s, State and Federal funds helped 
to establish the Oregon Educational Computer Consor- 
tium (OECC). With dues from districts, OECC hired 
a staff person within SDE. In 1985-86, $25,000 in State 
funds was provided to support the Consortium. In 1986- 
87, $23,500 was provided to assist in a contract for soft- 
ware. No State funds were provided in 1987-88. Gen- 
eral State aid and Federal funding may be used for tech- 
nology at local discretion. A State plan was drafted but 
was not implemented. 

Training, sofrvare preview, and technical assistance are 
provided to districts through OECC. The State also sup- 

^"'Oregon provides funding for technology training indirectly through support 
for Oregon Public Broadcasting and the Oregon Educational Computer Con- 
sortium, Both provide teacher development activities. 
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ports Oregon Public Broadcasting which provides some 
staff development to teachers. Training is coordinated 
at the district level. 

Pennsylvania 

State position/unit: No 
State plan: No» 

Key actors: Legislators; Governor; State Advisory Com- 
mittee; Chief State School Officer 
Funds available through the State for technology 
.activities: State technology; State education; Federal 
Source of funding in most districts: Chapter 2 
State training policies: Preservice (required); inservice 

(recommended informally) 
State funding for technology training: Yes 
Way most teachers receive training: District 
Most important State action: Focusing Chapter 2 funds 
on technology; providing funding for training through 
regional centers and grants to schools; creating an elec- 
tronic network; establishing a program to provide for 
joint purchase of computers by schools 
Next steps: Establishing computer science certification 
Major changes in past year: State funding requested 
for the Pennsylvania Higher Education Assistance 
Agency, a public corporation, and for the Science 
Teacher Education Program 
Barriers: Diversity of districts; keeping up with chang- 
ing technology 

State Chapter 2 allocations have been used for com- 
petitive grants for technology and for inservice training, 
including PENN*LINK, an electronic network that is 
planned to link all schools and LIN-TEL, a statewide elec- 
tronic network for libraries. Districts also use Chapter 
2 funds for technology: in i986-87, 29 percent of local 
Chapter 2 funds were used for computer hardware. Fed- 
eral vocational education, special education, and Title 
II funds are also used for educational technology by the 
State and districts. In response to unequal distribution 
of computers, the State targeted Chapter 2 flinds to ru- 
ral districts in 1987-88. 

^ Technology training and support services are provided 
by 15 Regional Computer Resource Centers (RCRC). 
The RCRCs are located at colleges, universities, and in- 
termediate units and are administered by the Pennsyl- 
vania Higher Education Assistance Agency (PHEAA), 
a public corporation which receives State funding. 
PHEAA also administers technology grants to schools 
and districts, in addition to the grants awarded at the 
State level. Over $5 million was provided by the State 
in 1986-87 and again in 1987-88 for the educational tech- 



^^crc is no State plan for educational technology in Pennsylvania. A model 
technology utilization plan is being developed for special education and the State 
has a 3-ycar plan to link all schools in the State electronically. 



nology programs administered by PHEAA and for other 
State initiatives, including a program which provides for 
joint purchasing of computers by schools. In i986, the 
legislature approved a line item in the State budget for 
a videodisc database of school library holdings. In addi- 
tion, $27 million in State funds were distributed to dis- 
tricts for 1984-87 to update vocational/technical pro- 
grams in the State. 

The use of computers to support the learning process 
is encouraged through the State's "Goals of Quality Edu- 
cation." New regulations require that computer science 
be offered to all secondary students. Teacher certifica- 
tion in computer science is being considered. 

Rhode Island 

State position/unit: No 
State plan: No 

Funds available through the State for technology 

activities: State education 
Source of funding in most districts: District; Chapter 

1; Tide H 
State training policies: None 
State funding for technology training: None^' 
Way most teachers receive training: Unknown 
Major changes in past year: Planning initiative and 

considering creating technology centers 
Barriers: No State level staff person 

A half-unit computer literacy requirement for high 
school students was established in 1983. Over a 3-year 
period (1983-86), $4 million was appropriated for educa- 
tional technology: million was allocated for vocational 
facilities and $3 millon for elementary and secondary 
schools. Districts are required to repay 40 percent of the 
funds over a 5-year period. The State completed a 
$300,000 inservice education program in 1986 which pro- 
vided training for 5,000-6,000 of the State's 8,000 
teachers. Teachers now may receive inservice training 
in technology under the Rhode Island School Staff In- 
stitute. A State initiative in educational technology is 
in the planning stages. 

South Carolina 

State position/unit: Yes (I983)« 
State plan: No 

Key actors: Legislators; Chief State School Officer 
Funds available through the State for technology 

activities: State technology 
Source of funding in most districts: State grants for 

technology 



^^Professional development funds may be used for technology training. 
In 1983. an existing Office of Instructional Televisjon was renamed the Of- 
fice of Instructional Technology. South Carolma is involved m a number of activ- 
ities relating to instructional television. 
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State training policies: Preservice (required for business 
education) 

State funding for technology training: Yes 

Way most teachers receive training: For-credit course 
paid for by teacher 

Most important State action: Pathways Project to re- 
duce teacher paperwork; creation of State instructional 
technology unit; participation in curriculum mapping 
project through SEED" 

Major changes in past year: None 

Barriers: Need for more hardware and software; insuffi- 
cient opportunity to preview software; training; ques' 
tions about relating technology to the curriculum and 
teaching 

Legislation enacted in 1984 established the Pathways 
Project, an effort to reduce teacher paperwork and cre- 
ate an elearonic network for administrative uses. The 
project received $5.4 million in 1986-87. Approximately 
$300,000 was provided to districts for computer educa- 
tion courses over the past 3 years. Funds are allocated 
to provide at least one course per district and training 
is primarily a district responsibility. Inservice computer 
courses can be applied to renewal of certification in all 
fields. 

The State publishes a recommended list of software for 
basic skills instruction in language arts, mathematics, and 
science, and operates six Basic skills software regional lab- 
oratories. Staff development programs are broadcast over 
the South Carolina Educational Television Network. 
South Carolina participates in SEED. 

South Dakota 

State position/unit: Yes (1982)5^ 
State plan: No 

Key actors: State Advisory Committee; Chief State 

School Officer; local districts 
Funds available through the State for technology 

activities: State education; Federal 
Source of funding in most districts: District; Chapter 2 
State training policies: Preservice/inservice (informally 

recommended) 
State funding for technology training: None 
Way most teachers receive training: Mixed 
Most important State action: Creating technology po- 
sition in SDE; creating statewide consortium 
Next steps: Establish a permanent funding base for the 

technology consortium 
Major changes in past year: None; hope that distance 
learning projects will generate more interern 

SEED curriculum mapping project is in the planning stcges. For more 
information, contact the Southeastern Educational Improvement Laboratory. 

State-level educational technology position was created in 19S2 in South 
Dakota. In 1985, responsibility for implementation and support was transferred 
to a statewide educational technology consortium (TIE). An as$]Stant State su- 
perintendent maintains administrative responsibility for educational technology. 



Barriers: Funding; local leadership; training 

A State position for educational technology was ere* 
ated in 1982 and a 5'year plan (1982-86) was developed. 
In 1985, a statewide educational technology consortium 
(TIE) was established with State support. TIE is funded 
by districts, which may use general State aid and Fed* 
eral funds for membership or other technology -related 
activities. 

South Dakota requires a half credit of computer 
studies, a hands-on course, for high school graduation. 
The development of computer-related skills (keyboard- 
ing, CAI, integrated tool software, and programming) 
is encouraged at all grade levels. 

Three schools were selected by the State for distance 
learning pilot sites using the TI-IN Network in 1986. 

Tennessee 

State position/unit: Yes (1984) 
State plan; Yes (1984) 

Key actors: Legislators; Governor; State Advisory Com- 
mittee 

Funds available through the State for technology 

activities: Federal 
Source of funding in most districts: Chapter 2 
State training policies: Preservice (required) 
State funding for technology training: None 
Way most teachers receive training: State 
Most important State action: Implementation of Com- 
prehensive Education Reform Act 
Major changes in past year: None 
Barriers: Availability of additional funding 

A mandate requiring computer literacy instruction for 
all seventh and eighth grade students was approved in 
1983 and one-time funding of $9 million was provided 
to districts for hardware. Under the mandate, all students 
receive 15 computer literacy lessons in the seventh and 
eighth grade. Each instructor received an initial 5 days 
of training. Suggested curriculum guides have been de- 
veloped to encourage the use of technology throughout 
the K-6 curriculum and to encourage computer science 
at the secondary leyel. 

No State funds currently are available for educational 
technology. The State set aside $25,000 in Chapter 2 
funds for a technology conference (1986-88) and $10,000 
in Title II funds for technology in education. Tennessee 
continues to train teachers for the required computer 
literacy instruction and provides inservice training and 
technical assistance to other educators. 

Texas 

State position/unit: Yes (1983) 
State plan: Being developed 
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Key actors: Legislators; State Advisory Com;nittee; 

Chief State School Officer; professional associations 
Funds available through the State for technology 

activities: State technology; Federal 
Source of funding in most districts: District 
State training policies: Preservice (required); inservice 

(recommended) 
State funding for technology training: None" 
Way most teachers receive training: District 
Most important State action: Computer literacy re- 
quirement for seventh or eighth grade and computer 
course requirement for advanced high school diploma; 
distance learning courses; electronic network 
Next steps: Elementary computing guidelines; State 
plan; further implementation of distance learning and 
electronic network; further research and demonstration 
Major changes in past year: State plan being developed 
Barriers: No State plan; training; funding (for R&D, 
training, and equipment) 

Legislation in 1981 requires that all students in Texas 
take at least one semester in computer literacy in sev- 
enth or eighth grade (beginning in 1985-86). The required 
course specifies applications, awareness, and program- 
ming. All districts are required to teach computer com- 
petencies, including keyboarding, in the elementary 
schools beginning in 1987. Guidelines are being devel- 
-•oped: Texas also awards an advanced high school diploma 
vvhich includes courses in computing. 

The State has not funded local implementation efforts, 
but has funded several pilot projects with State and Fed- 
eral dollars. In 1956-87 the State provided on-line ex- 
penses to 44 school districts to study their use of elec- 
tronic communications. Minimal on-line expenses and 
money for software were provided to two model districts 
to study the potential of a statewide electronic network. 
In addition, Chapter 2 discretionary funds were used for 
10 pilot districts to study the use of technology for basic 
skills instruction in 1986-87 and for 8 more projects in 
1987-88. 

Preservice teachers are required to take a computer 
course or demonstrate proficiency using computers in in- 
struction. The Staters long-term strategy for both preser- 
vice and inservice involves raoving training for technol- 
ogy into universities and regional centers. Currently, the 
State technology unit initiates training efforts, provides 
technical and curriculum assistance, and is involved in 
long-range planning. 

Utah 

State position/unit: Yes (1985) 
State plan: Being developed 

State provides additional hndi to school districts to use in placing 
teachers on a career ladder. Technology workshops and courses may be applied 
toward credit for the career ladder. 



Key actors: Business; legislators; Governor; State Advi- 
sory Committee; Chief State School Officer; parents; 
State staff 

Funds available through the State for technology 
activities: State education; Federal 

Source of funding in most districts: State grants that 
may be used for technology 

State training policies: Preservice/inservice (required) 

State funding for technology training: None (pend- 
ing study) 

Way most teachers receive training: District 
Most Important State Action: Educational Technol- 
ogy Study conducted in conjunction with IBM 
Major changes in past year: Positive— completion and 

implementation of study 
Barriers: Funding 

Core curriculum standards for information technology 
are in place in Utah for grades K-12. These standards 
may be taught either by "fnfusing*' them into other areas 
of the curriculum or in a specific course. An "Applica- 
tion Transfer Study," conducted in conjunction with 
IBM, was completed in 1987. The study assessed the cur- 
rent stacus of educational technology in Utah and made 
recommendations for future directions. No State fund- 
ing is provided specifically for educational technology, 
but a recommendation is pending for the 1988 legisla- 
tive session. State productivity grants have been used for 
technology by local districts. Federal funds are used to 
support the Information Technology Demonstration 
Center which serves as a clearinghouse for State efforts. 
The center also works with regional education service 
centers. 

Teachers at the preservice and inservice level are re- 
quired to take technology courses or demonstrate 
familiarity using technology in instruction. No State 
funds are provided for technology training, but a rec- 
ommendation is under consideration. 

In 1985, the development of a distance learning acceler- 
ated pilot proj'ect to teach Spanish was funded by the 
State with support from IBM and Bonneville Interna- 
tional Corp., a private satellite company. The course is 
now available to schools in other States. 

Vermont 

State position/unit: Yes (1987) 
State plan: Being developed 

Key actors: Legislators; Chief State School Officer; 

teachers; parents; superintendents 
Funds available through the State for technology 

activities: Federal 
Source of funding in most districts: District 
State training policies: None^ 



A pending State plan will recommend that all teachers demonstrate com> 
pctcncy in using technology in instruction by 1990. 
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State funding for technology training: None 
Way most teachers receive training: For-credit course 

paid for by teacher 
Most important State action: Flexibility at local level 
Major changes in past year: Creation of position in 

SDE 

Barriers: Funding 

Vermont provides no funding for educational technol- 
ogy and only limited technical assistance and support. 
Federal funds are used for technology if proposals from 
districts include technology. Suggested curriculum guide- 
lines have been developed and the State uses the term 
"technology capable" to encourage teachers and students 
to use technology as tools. 

A technology staff position was established in 1987 and 
a State plan is being developed by SDE. The plan will 
encourage the implementation of a range of technologies 
in the early grades. 

Virginia 

State position/unit: Yes (1987)" 
State plan: Being developed 

Key actors: Business community; legislators; Governor; 

State Board of Education 
Funds available through the State for technology 

activities: State technology; Federal 
Source of funding in most districts: Unknown 
State training policies: Inservice (recommended) 
State funding for technology training: None 
Way most teachers receive training: District 
Most important State action: Governor's Commission 

issued Plan for Action 
Next steps: Get legislative support; develop S-year plan; 

implement plan 
Major changes in past year: Potential legislation; de- 
velopment of plan; interest of Governor and some legis- 
lators 

Barriers: Cost and rapid obsolescence of equipment; 
awareness of value among top educators; mobilize 
teachers to use technology over the long-term; stable 
funding commitment 

All Virginia high school graduates must demonstrate 
computer competency. The State provides a training lab- 
oratory, information, and technical assistance to educa- 
tors. An "electronic classroom," offering advanced 
courses and Latin instruction to some schools through 
the public broadcasting network in Virginia, was estab- 
lished in 1985 to address educational disparities across 
the State. A second electronic classroom was imple- 
mented in 1987 and half of Virginia schools have been 

"a Department of Media and Technology has offered scrv. es to Virginia 
schools for several years under different departments within the State Depart- 
ment of Education. In August 1987, an Assistant Superintendent for Instruc- 
tional Technology was hired, moving the department to division status. 



involved. State costs for the electronic classrooms were 
$275,000 in 1986-87 and $600,000 in 1987-88. The State 
hopes to implement additional sites and plans to trans- 
mit courses using a combination of public television and 
satellite technology. No additional State funds are cur- 
rently provided for educational technology. Federal funds 
may be awarded through grants for technology-related 
projects. Over $65,000 in Federal funds was approved 
for technology-based projects in 1987-88. 

The Governor's Commission on Excellence in Educa- 
tion has issued a plan that includes a section about the 
use of technology. An Assistant Superintendent for In- 
structional Technology was created in 1987 and a State 
plan for educational technology is being developed. Over 
$20 million has been requested in the legislature for elec- 
tronic classrooms, an electronic network, and computer 
purchases to address disparities in distribution of tech- 
nology across the State. Training is included in the re- 
quest. This is the first time a budget of this type has been 
proposed in Virginia. 

A 2-year demonstration project, funded by the 
Potomac Edison Co., in cooperation with SDE in 1987, 
has 10 networked classrooms for mathematics and sci- 
ence. Proposals for evaluation are being developed.^ 

Washington 

State position/unit: Yes (1983) 
State plan: Being developed 

Key actors: Business community; legislators; Chief State 

School Officer; teacher organizations 
Funds available through the State for technology 

activities: State technology; Federal 
Source of funding in most districts: District 
State training policies: Preservice (required) 
State funding for technology training: Yes 
Way most teachers receive training: Regional centers 
Most important State action: Established Educational 

Technology Center Program and provided continued 

funding 

Next steps: Collaboration between education, business, 
and industry 

Major changes in past year: Telecommmunications leg- 
islation passed in 1987; anticipated to have major 
impact 

Barriers: Funding; release time for training; lack of co- 
ordination of rerources between districts; lack of high- 
quality software; difficulty matching software with stu- 
dent learning objectives 

A network of Educational Technology Centers was 
established through legislation in 1983. The centers pro- 
vide inservice classes and workshops, technical assistance, 
software/hardware preview, and curriculum development 

^Potomac Edison is also supporting projects in West Virginia and Maryland. 
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^assistance. The program is administered through the Su- 
perintendent of Public Instruction and currently has an 
-operating budget of $2.3 million per year. Staff develop- 
ment grants are also available on a competitive basis to 
school districts. No other State or Federal funds are cur- 
rently earmarked for technology. State grants for school 
improvement and research were used for some 
technology^related projects from 1985-87, but this pro- 
gram was not refunded. Federal Chapter 1 and Chapter 
2 may be used for technology by local districts. 

^ Preservice teachers are required to have familiarity with 
technology use in instruction, and high schools are re- 

\quired to offer computer-related courses. The State does 
not evaluate software, but has developed suggested cur- 
riculum guidelines to help educators match software to 
defined student outcomes. 

„ An act passed in 1987 required SDE and the Higher 
'Education Coordinating Board to develop a plan for a 
state\vide telecommunications network. The plan will be 
submitted by the 1989 session. A separate proposal was 
submitted to the legislature which requested over $2 mil- 
lion for a number of initiatives, including technology 
project development, more staff, for the Educational 
Technology Centers, grants for demonstration sites, and 
dissemination of information. The proposal was initiated 
through a cooperative effort between educators, business 
and industry, and the State superintendent. 

West Virginia 

State position/unit: Yes (1984) 
State plan: No 

Key.actors: Business community; legislators; State Advi- 

scry Committee; SDE 
Funds available through the State for technology 

activities: State technology;^' State education; 

Federal 

Source of funding in roost districts: State grants that 

may be used for technology 
State training policies: Preservice (required for certain 

areas); inservice (recommended) 
State funding for techno.lorv training: None^ 
Way most teachers receivt draining: State 
Most important State action: Providing some direction 

and funding 

Next steps: Implement more laboratories and evaluate 
the use and place of technology within the curriculum; 
support development and use of instructional manage- 

, ment software 

Major changes in past year: Two studies being con- 
' ducted by commissions on finance and education 
which may lead to more funding 



'State funding for technology is pending for 1987-88. 

*iTrcfessional development fonds may be used for technology training. 



Barriers: Funding; training; time to implement 

Following a plan formulated in 1982-83, a statewide 
electronic network was installed in local school districts 
in 1984. The project was supported by the State with 
assistance firom the Appalachian Regional Commission 
and the Federal Job Training Partnership Act. Computer 
laboratories were first implemented in high schools and 
are now being put into junior high schools. Training is 
provided at schools, through summer institutes, and oc- 
cassionally via the electronic network. Originally in- 
tended for administrative and teacher use, the labora- 
tories are now also used for instruction. In 1986-87, 
$200,000 was provided for laboratories and to cover the 
operational costs for toll-free access to the network by 
schools. Funding for 1987-88 is uncertain due to State 
budget cuts. School districts may also use grants for 
professional development, general State aid, and Federal 
funds for technology-related activities. 

The State is evaluating distance learning projects to 
assess costs and educational outcomes. 

Statewide learning outcomes tor specific curriculum 
areas have been developed. Proficiency using technology 
to solve problems and enhance job skills is included in 
the learning outcomes for vocational education (word 
processing, spreadsheets, database management, and 
telecommunications). A 6-week pilot project supported 
jointly by the State, the U.S. Department of Labor, and 
IBM used computers and hands-on activities to provide 
practice in basic skills, career exploration, and improve 
students' attitudes toward school. 



Wisconsin 

State position/unit: Yes (1983) 
State plan: Yes (1987) 

Key actors: Legislators; State Advisory Committee; 
Chief State School Officer 

Funds available through the State for technology 
activities: State education; Federal 

Source of funding in most districts: District 

State Training Policies: Preservice (required); inservice 
(recommended) 

State funding for technology' training: None 

Way most teachers receive training: Regional centers 

Most important State action: Establishing State educa- 
tional standards; publishing series of curriculum guides 

Next steps: Assist districts in planning and implemen- 
tation; continued staff development 

Major changes in past year: New standards have in- 
creased interest in using technology for instruction 

Barriers: Reluctance to change and "fear" of technol- 
ogy; funding; local priorities and understanding 
Reform legislation passed in 1986 resulted in State 

standards for curriculum and professional development. 
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A series of curriculum guides were published requiring 
changes in both the conteat and delivery of irstruction. 
Technology is seen as an important component of school 
improvement and the State encourages local districts to 
integrate technology into the new curriculum. Local 
school boards are lequired to develop curriculum plans 
that specify objectives, course content, resources, and 
assessment. No State funds are provided specifically for 
technology or technology training. However, Wisconsin 
provides half of the funding for education statewide 
which may be used for technology at local discretion. 

Twelve regional agencies, forming the Wisconsin In* 
structional Computing Consortium, provide educational 
technology services to members (such as training and 
technical assistance). State staff provide leadership and 
consultation to the regional units and districts. The State 
recognizes a need for additional training to integrate tech* 
nology more fully into the curriculum. Beginning in 1988, 
the State will work with districts that are not complying 
with State standards, including those that are not using 
technology. 

Wyoming 

State position/unit: Yes (1985) 
State plan: No 

Key actors:. District curriculum cor.imittees 
Funds available through the State for technology 
activities: State education; Federal 



Source of funding in most districts: District 

State training policies: Preservice (required); inservice 

(recommended) 
State funding for technology training: None 
Way most teachers receive training: District 
Most important State action: Technology position in 

SDE; center to provide software preview /evaluation 
Major changes in past year: Oil prices have negatively 

affected school funds 
Barriers: Isolation/small size of most schools in State; 

questions about how to encourage i '^chers to incor* 

porate technology in instruction, especially in high 

schools 

Almost all State funding for education in Wyoming 
goes directly to districts. Chapter 2 is used heavily by 
districts for technology, but districts are discouraged from 
using Chapter 1 funds for technology because it is diffi* 
cult to monitor use. Districts are encouraged to develop 
their own plans for educational technology and a State 
consultant is available to offer assistance. The State main* 
tains the Center for Educational Technology, where soft* 
ware is available for preview. The center also publishes 
software reviews. Preservice teachers are required to dem* 
onstrate familiarity^ using technology in instruction. A 
State policy on distance learning was recently adopted 
and a project is expected to be implemented in one dis* 
trict -in- 1988-89. 
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Appendix B 

Characteristics Considered 

in Evaluating Educational Software^ 



Instructional Quality 

General 

• Program is useful in a school'based, instructional set' 
ting (i.e., in a classroom, computer laboratory, me^ 
dia center, or school library). 

• Program avoids potentially controversial, nonstan- 
dard teaching methodologies. 

• Program allows completion of a lesson in one class 
period (approximately 30 minutes). 

• Instruction is integrated with previous student ex' 
perience. 

• Program is likely to save time for the student when 
compared to other means of presenting this topic. 

• Program is likely to save time for the teacher when 
compared to other means of presenting this topic. 

• An on-disk tutorial concerning the program's com* 
mand structure is provided when appropriate (e.g., 
for a word processing program). 

Content 

• Content is appropriate for intended student popu- 
lation. 

• Content is accurate. 

• Content is current. 

• Content breadth is reasonable (does not focus on 
too few or too many different concepts or content 
topics within one session). 

• The processes and information learned are useful in 
domains other than the subject area of the program. 

• Content is free of grammar, spelling, punctuation, 
and usage errors. 

• Content is free of any bias or stereotyping. 

• Content supports the school curriculum. 

• Content is relevant to the subject field. 

• Definitions are provided when necessary. 

• There is continuity between the information pre- 
sented and prerequisite skills required. 

'Based on items used by 36 public, private, and governmental software evalu- 
ation agencies, and additional items considered important by selected teachers, 
software publishers, university professors, and private consultants. Many of the 
.educational software experts consulted in the compiling of this list felt that subject- 
specific and population-specific characteristics would have to be considered for 
a thorough evaluation. Sec Ellen Bialo and Jay Sivin, "An Analysis of the Scope 
•and Quality of the Current Supply of Educational Software and of the Avail- 
able Sources of Information on Educational Software," OTA contract report, 
Sept. 30, 1987. 




• Content avoids taking a side on potentially con- 
troversial moral or social issues. 

• There is a need for better than the standard treat- 
ment of this topic in the curriculum. 

Appropriateness 

• Application is well suited to computer use. 

• The pedagogic approach used is superior to what is 
available elsewhere. 

• Readability level is appropriate for the intended stu- 
dent population. 

• Tone of address is appropriate for the intended stu- 
dent population. 

• The means of response (e.g., single keystroke, ma- 
nipulating graphics) is appropriate to the intended 
student population. 

• Prerequisite skills required are appropriate for the 
intended student population. 

• Time.required for use by a typical studentdoes not 
exceed the attention span of that student. 

• Multiple levels of instruction are available. 

• Difficulty levels are based on discernible logic (e.g., 
reading ability, complexity of problems). 

• Sufficient exposure and practice are provided to mas- 
ter skills. 

• Sufficient information is pres**nted for intended 
learning to occur. 

Questioning Techniques 

• Questions are appropriate to the content and effec- 
tively measure student mastery of the content. 

• Questions incorrectly answered can be repeated later 
in the lesson/exercise. 

• The number of trials are reasonable and appropri- 
ate (e.g., student receives the correct answer *^^^.r 
no mere than three or four trials, and after at 
two trials). 

• Calculation can be accomplished easily on-screen 
when appropriate. 

Approach/Motivation 

• Approach is appropriate for the intended student 
population. 

• Format is varied. 
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• Overall tenor of interaction is helpful. 

• Student is an active participant in the learning 
process. 

Evaluator's Field Test Results 

• Student understands the on-screen presentation, and 
can proceed without confusion or frustration. 

• Student enjoys using the program. 

• Student retains a positive attitude about using the 
program. 

• Student retains the desire to use the program again, 
or to pursue the topic in other ways. 

• Program involves students in competition in a posi- 
tive way. 

• Program fosters cooperation among students. 

Creativity 



Feedback 



Program challenges and stimulates creativity. 
Pedagogy is innovative. 

Program allows the student as many decisions as 
possible. 

Program provides opportunities to answer open- 
ended questions and provides evaluative criteria to 
assess_responses. 

Program demonstrates a creative way of using 
knowledge. 

Program challenges the student to alter an under- 
lying model, or design an alternative model. 



Learner Control 

• Learner can alter program sequence and pace. 

• Learner can review instructions and previous frames. 

• Learner can end activity any time and return to 
main menu. 

• Learner can enter program at different points. 

• Learner can stop in the midst of an activity, and at 
a later session begin at that stopping point 'vith the 
previous record of progress intact. 

• Help is available at likely points of need. 



Learning Objectives, Goals, and 
Outcomes 

• Learner objectives are stated and purpose is well 
defined. 

• Steps are taken to make learning generalizable to 
other situations. 

• For programs requiring use over several days, learn- 
ing outcomes are worth the time invested. 



Feedback is positive. 

Feedback is appropriate to the intended student pop- 
ulation and does not threaten or inadvertently re- 
ward incorrect responses. 
Feedback relevant to student responses. 
Feedback is timely. 
Feedback is informative. 
Feedback is corrective when appropriate. 
Feedback remediates and/or explains when appro- 
priate. 

Feedback employs a variety of responses to student 
input, and avoids being boring or unnecessarily 
detailed. 

Feedback remains on the screen for an appropriate 
amount of time. 

Branching is used effectively to remediate. 
Program uses branching to automatically adjust dif- 
ficulty levels or sequence according to student per- 
formance. 



Simulations 

• Simulation model is valid and neither too complex 
nor too simple for intended student population. 

• Variables used in the simulation are the most 
relevant. 

• Variables in the simulation interact and produce re- 
sults approximately as they would in real life. 

• Assumptions arc adequately identified. 

• Program simulates activities that can be too difficult, 
dangerous, or expensive to demonstrate in reality. 

• The time needed tc omplete both a step and the 
entire simulation is reasonable and effective. 

• Encourages decisionmaking or calculation rather 
than guessing. 



Teacher Modifiability 



Teacher can easily change or add content. 
Teacher can easily regulate parameters (e.g., num- 
ber of problems, rate of presentation, percentage cor- 
rect needed for mastery) for each class using the 
program. 

Teacher can easily regulate parameters (e.g., num- 
ber of problems, rate of presentation, percentage cor- 
rect needed for mastery) for each student. " 
Parameter set-ups can be bypassed (e.g., default set- 
tings are available). 
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Evaluation and Recordkeeping 

• Program provides an adequate means of evaluating 
student mastery of the content. 

• If tests are included, criteria for success are appro- 
priate for the ability/skills of the intended student 
population. 

• If tests are included, content accurately reflects the 
material presented. 

• Scorekceping and performance reports are provided 
for the student when appropriate (e.g., summary of 
problems correct/number attempted, running point 
totals). 

• Useful information about student performance is 
stored for future retrieval. 

• Useful diagnostic pre-test or placement test is pro- 
vided, where appropriate. 

• Useful diagnostic or prescriptive analysis of student 
performance is available to the teacher, when appro- 
priate. 

• Student performance information is easily accessi- 
ble to the teacher. 

• Management system includes adequate security. 

• Program allows printout and screen display of stu- 
dent records. 

• Program can hold multiple performance records of 
a single class (e.g., 35 to 50 students). 

• Program can hold multiple performance records of 
several classes (e.g., up to 5 classes) arranged by class. 

Documentation and Support Materials 

• Quality of packaging is durable and appropriate for 
student use (e.g., not too large to be used at a com- 
puter station). 

• Student, parent, or teacher guides and materials arc 
clearly identified as such. 

• Technical and operational explanations for imple- 
mentation are clear and complete. 

• If appropriate, "quick start-up'* section is included. 

• Useful reproducible student worksheets are provided. 

• Other valuable support materials are provided (e.g., 
wall charts). 

• Sample screen-by-screen printouts of the program 
are provided. 

• Teacher support materials can be separated from stu- 
dent materials. 

• Useful suggestions are provided for introductory 
classroom activities. 

• Useful suggestions arc provided for classroom activ- 
ities during the use of the program, where necessary 
or helpful. 

• Useful suggestions are provided for followup ac- 
tivities. 



• Useful suggestions are given for classroom logistics 
in a variety of hardware situations (e.g., single or 
multiple machines) and student groupings. 

• Useful suggestions arc provided on how to integrate 
program with the regular curriculum. 

• If the program is open-ended, subject-specific sug- 
gestions are included. 

• Clear explanations of the differences between the 
various difficulty levels are provided. 

• Prerequisite skills are clearly stated. 

• Accurate and clear descnption of instructional activ- 
ities arc provided. 

• Accurate and clear descriptions of content topics are 
provided. 

• Where appropriate, a description of how material 
correlates to standard textbook series is provided. 

• Necessary information can be found quickly and eas- 
ily (e.g., contains index, table of contents). 

• Quick reference card for program use is included, 
where appropriate. 

• Printed text is clear and readable. 

• Printed graphics are clear and readable. 

• Printed text is free of errors in spelling, grammar, 
punctuation, and usage. 

Technical Quality 

General 

• Audio can be adjusted (i.e., turned down or off). 

• Audio is clear and used effectively. 

• Character sets used in text display arc clear, appro- 
priate, and visually interesting. 

• Graphics arc acceptable on a monochrome monitor. 

• Graphics arc clear and can be easily interpreted. 

• Program is "crash-proof." 

• Program runs consistently under all normal condi- 
tions and is "bug-free." 

• Program runs without undue delays (e.g., graphics 
fill in a timely manner, does not excessively access 
disc drive). 

• The transitions between screen displays arc effective 
(e.g., text changes). 

• Program guards against multiple key presses advanc- 
ing the student past the next screen (e.g., leaning 
on return key and thereby missing several screens 
as they flash by). 

• Program avoids unnecessary or inappropriate mov- 
ing back and forth between screens (e.g., from page 
to feedback or data pages). 

• Special features (e.g., flash, inverse, scrolling, split 
screen) are used appropriately and effectively. 

^ Program requires a minimal amount of typing (ex- 
cept typing programs). 
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• Random generation or selection is used when appro- 
priate (e.g., to allow repeated use by varying the 
problems or data presented). 

• Program judges responses accurately and accounts 
for minor variations in the format of the input (e.g., 
accepts either the correct word or letter choice in 
a multiple choice item). 

• Program allows user to correct answer before being 
accepted by the program. 

• Program accepts partial answers as correct whenever 
appropriate. 

• Where students must input responses, inappropri- 
ate keys are disabled. 

• Control keys are used consistently. 

• Students require a minimum amount of teacher 
supervision while using the program, when appro- 
priate. 

• Computer (and peripherals) operation does not in- 
terfere with concentration on activity. 

• Program makes effective use of peripheral devices 
(e.g., joysticks) for alternate input modes while still 
allowing keyboard input. 

• Program considers a previously unexplored poten- 
tial of the computer or greatly expands an existing 
capability (e.g., new animation techniques, digitized 
speech). 

• Program uses other technologies (e.g., audio cassette, 
videodisc, videotape) to enhance learning, when 
appropriate. 

• Printing is easy and simple to accomplish with a va- 
riety of popular printers. 

Clarity 

• Procedural and instructional statements arc clear. 

• On-screen prompts clearly indicate where user 
should focus attention. 

• Frame formatting is clear, uncluttered, and consist- 
ent from screen to screen (e.g., screen input is re- 
stricted to a consistent location). 

• Presentation of each discrete content topic is logical. 

• Sequence of content topics and instruction is logi- 
cal and in appropriate steps. 

• Sequence of menu items is logical. 

• Prompts and cues are clear and consistendy and log- 
ically applied. 

• Hints are clear and not misleading (e.g., length of 
spaces in fill-in blanks matches number of letters 
needed). 

• Demonstrations and examples arc clear and avail- 
able when appropriate. 

• Interface is simple enough to be used with little or 
no reading of the documentation. 



• Program makes clear where the user is in the pro- 
gram (e.g., question number, page headings). 

• User-computer communication is consistent and 
logical. 

• Prompts to save work are given when appropriate. 

Start-up and Implementation 

Teacher: 

• Software code modifications or unusual manipula- 
tions of discs are not required to use program effec- 
tively. 

• Start-up time for teacher implementation is not ex- 
cessive. 

• Teacher needs a minimum of computer competen- 
cies to operate program (e.g., does not require in- 
stalling add-on boards). 

Student: 

• Start-up time for student implementation is brief 
enough to permit completion of a lesson. 

• Students need a minimum of computer competen- 
cies to operate program (e.g., does not require use 
of control-key combinations). 

Graphics and Audio 

• Graphics and audio arc used to motivate. 

• Graphics and audio arc appropriate for the intended 
student population. 

• Graphics, audio, and color enhance the instructional 
process. 

• Graphics help focus attention to appropriate con- 
tent and arc not distracting. 

Probeware and Peripherals Included 
in the Software Package 

• Probes or peripherals are durable. 

• Probes or peripherals are sensitive. 

• Audio and/or graphic quality arc effective. 

• Probes or peripherals arc easy to install. 

• Calibration is accurate and easy. 

• Data displays are flexible (e.g., can be scaled, 
redrawn). 

• Data analysis '5 useftil. 

Hardware and Marketing Issues 

• Potential useftilness of the program justifies its price 
in comparison to other similar products. 

• Peripherals (not included in the package) that are 
difficult to acquire or inappropriately expensive are 
not required. 

• Producer field test data are available. 
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• Field test data indicate that students learned more 
or better, or had a better attitude toward the sub' 
ject matter, as a result of using the program. 

• Preview copies are available, 

♦ Back-up copies are provided, 

♦ Adequate warranty is provided. 



• Telephone support is available, 

• If allowable, multiple loading is possible, 

• Site license is available, 

• Network versions are available, 

• Multiple copies discount available. 
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Appendix C 

U.S. Department of Education 
Principal Programs Providing Funds 
for Technology in Education 

Funding for educational technology is available through various programs administered by the U.S. De- 
partment of Education. Jn a few cases, funds are appropriated specifically for educational technology. Other 
funds are obligated for technology projects through existing program areas. And some funds are used for tech- 
nology activities by recipients of grants and awards that are not designated specifically for educational technol- 
ogy (e.g.) grants to States, districts, educational research laboratories and centers). Federal block grants and 
other grants to States and school districts, such as those for compensatory education for the disadvantaged, 
mathematics and science education, bilingual education, special education, vocational and adult education, and 
teacher training, support use of technology at the discretion of States and school districts. Under some pro- 
grams, grants are awarded and budget decisions are made based on priorities of the Secretary of Education 
,and department administrators. 

The following table provides an estimate of levels of funding and support for educational technology within 
programs administered by the Department of Education.' Because funding for educational technology is not 
closely monitored and data on local use of Federal grants is limited, most figures are estimated. Where Federal 
grants to States, districts, schools, or individuals are sources of funding for technology and may be used for 
technology at local discretion, total appropriations are given (e.g.. Chapter 2 block grants, magnet schools assis- 
tance). A question mark (?) indicates that OTA was not able to estimate the amount of funding for technology. 

Since outlays for technology are often not known until several years after the original appropriation, most 
figures are estimates of obligations or expenditures for educational technology for the designated fiscal year. 
The figures for fiscal year 1989 are department appropriation requests or program estimates based on pending 
legislation and awards. 



1987 


Technology 


1988 


Technology 


1989 


Technology 


Appropriation^ 


Estimate 


Appropriation 


Estimate 


Request 


Estimate 


(in millions) 


(in 


millions) 


(in m 


illions) 


Education Consolidation and Improvement Act: 












Chapter 1 Block Grants 3,453.50 


7 


$3,829.60 


7 


$4,060.20 


? 


Chapter 2 Block Grants 500.00 


$150.00' 


478.70 


$143.60' 


540.50 


$162.20' 


Secretary's Discretionary Fund: 












0.31 


10.20 


0.15* 


10.20 


7 


Other discretionary 










7 


4.70 


? 


9.50 


? 


Elementary and Secondary Education Act of 1965: 












Title VII— Bilingual Education Act: 














76 


101.20 


? 


13.10 


? 



(continued on next Page) 



Abbreviations: OB « Obligation; EO Estimated Obligation 

'This table is based on review of budget documents, lists of grants and mi^ards, published research and documents, cunver2>attons wivh program staff at the U.S. 
Department of Education, and estimates provided by various programs in the Department of Education. 

^Figures are appropriations or budget requests as indicated unless otherwise noted. 

^TA estimates based on a study finding 30 percent of all local Chapter 2 expenditures in the 1984-85 school year were used for technology -related attivities. SRI 
International and Policy Studies Associates, "The Educational Block Grant at the Local Level. The Implementation of Chapter 2 of the Education Consoltdstion 
and Improvement Act in Districts and Schools," prepared for the U.S. Department of Education, January 1986, p. 45. 

*Scven projects were funded in 1987 and several are in their final year. OTA estimates that awards for technology-related projects will decrease m 1989. 

^Educational technology could be a priority area but currently is not. Priorities for 1989 include teacher certification and recruitment and early childhood education. 

^ the 628 grants awarded to districts in 1987, 228 (or 36 percent) included a technology component. 
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mi Technology 
Appropriation Estimate 
(in millions) 



Education for Economic Security Act: 
Title n^— Mathematics and 
Science Programs 

State Grants 72.80 

Secretary's Discretionary, Fund: 

Technology Competition 0 

Mathematics, Science and 

Critical Foreign Language 

Competitions' 3.70 

Educational TV 3.25 

Tide VII-Magnet Schools Assistance . . . 75.00 

Continuing Resolution— 1987 
Star Schools 0 

Small Business Innovation 
Research*' 1.70 

.Higher Education Act: 
Tide V-C— Leadership in 

Educational Administration 7.20 

Tide V'D~Christa McAuliffe 

Fellowships for Outstanding 

Teachers 2.00 

Fund for the Improvement of 

Post-Secondary Education 12.20 

Education for the Handicapped Act: 

State Grants 1.568.00 

Special Purpose Programs: 
Technology for Special 

Education 4,67 

Early Childhood Education 24.50 

Media and Captioning 

Services 13,80 

Personnel Development 67.70 

Vocational Education Act (Perkins Act): 

Title Il-State Grants 802.90 

Vocational Education Research 

Center 6.00 

High Technology 

Demonstr;;ttons 0 

Job Skills Education Program 0 
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(in millions) 
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9.60 
0.13 


9.60 (EO) 
0.13 (EO) 


9.60 


9.60 (EO) 
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1989 
Request 



Technology 
Hsrimate 



niic Elementary and Secondary School Improvement Amendments of 1988 (Public Law 100.297) revises Title II, authonies a new program for foreign laneuace 
education, and eli-inatcs the restriction on the use of Title II ftinds for computer education only after mathematics and science needs have been met. Now. in addition 
to using 1 itle 11 fund* for prcservice traimng. inservice training, teacher retraining, and minority recruitment. Local Education Agencies (LEAs) may use Title II ftinds 
for teacher training m technology sspan oTa mathematics and science program. lEAs may also use Title II ftinds to purchase computers and other telecommunications 
equipment and to provide grants to individual teachers for innovative projects in mathematics and science. In addition. States may use their share of Title II ftinds 
for demonstrations and exemplary programs for instructional materials and equipment m mathematics and science, as well as to provide technical assistance 

Orants for programs of nanonal significance in mathematics, science, computer education, and critical foreign languages are also appropriated under Tide II The 
new law gives the S«retary of Education discretion to award grants to support foreign language education separately and focuses the programs of national significance 
on mathematics and science. Budget figures reflect Title U as originally enacted. 

»The Department of Education estimates that 18 to 2D percent of funds for field-inittated competition and 10 percent of funds for critical foreign language arc used 
for applications of technology. b 6 6 

^ncludci $1 million for Square One TV. currently under review. 

JONo data on the percent of magnet school funds used for technology is available, although a recent OTA estimate suggests that 25 percent is used for mathematics 
and science magnet schools. Technology could be a component in these and other magnet school programs. See US. Congress. Office of Technology Assessment. 
Bduciung Scientists and Engineers: Grade School to Crad School, OTA>SET377 (Washmgron, DC. U.S. Government Printing Office. June 198^. 

"J-unding IS based on a percentage of the U.S. Department of Education*s external research budget. 

' -Some awards support curriculum development and teacher training acrivitics that could be applied to elementary and secondary education. While educational 
technology was one of the Fund for the Improvement of Post-Secondary Education's (FIPSE) priorities f^om 1981 to 1985, it is no longer a priority area. Of 176 new 
and continuing projects funded by FIPSE in 1987. 41 (23 percent) involved technology. 
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mtntmum of 10 percent of the grants awarded to States must be xi aside for craming, re$eart.h, demomt ration, and evaluation. The remaining State grant 
c$ to LEAs. post-secondary imtitutiom, and community organizations. 

*'*nie su'ard for the Educational Technology Center is included in the total center appropnation of $17.5 million. 

^^Esttmatcs were provided by the research centers and the U.S. Department of Edu4.ation. Amounts do not reflect other research in learning that may relate to 
the use of technology in the future. 

'^Two new centers are proposed tn the Secretary's 1989 budget. One center v^ill study the needs of at-risk students. A second smaller center will study a range 
of educational issues including the teaching and learning of «.tvics and «.itt:cn5hip. examinations and assessment of education reform initiatives, research into student 
motivation, and studies of costs and productivity m education. 

^'Onc of the 16 ERIC t.lcannghouscs focuses on educational technology. It is based at Syracuse University and its budget 13 reflected m the technology estimate column. 
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Appendix D 

List of Acronyms 



ACOT —Apple Classroom of Tomorrow 

AI —artificial intelligence 

ASCII —American Standard Code for Information 
Interchange 

ASSET —Arizona School Services Through Educa- 
tional Technology Project 

AT&T —American Telephone and Telegraph 

CAD -computer-aided design 

CAI — computer^assisted instruction 

C'AIM —computer-assisted instructional management 

CAM — cofnputer-aided manufacture 

CCC —Computer Curriculum Corp. 

CCSSO —Council of Chief State School Officers 

CD-I —compact disc interactive 
CD-ROM- compact disc-read only memory 

CD-V —compact disc video 

CDC —Computer Data Corp. 

CMI -computer-managed instruction 

CTBS —Canadian Test of Basic Skills 

DISE —Development in Science Education 

DVI —digital video interactive 

ECIA —Education Consolidation and Improvement 
Act 

EESA —Education for Economic Security Act 

EPIE —Educational Products Information Exchange 

ERIC —Educational Resources Information Center 

ESAA —Emergency School Aid Act 

ESC —Education Service Center 

ESC —Education Systems Corp. 

ESOL —English for Speakers of Other Languages 

fax —facsimile transmission 

HOTS —Higher Order Thinking Skills Program 

ICAI —intelligent computer-assistec^ instruction 

ILS -integrated learning system 

IMPAC —Instructional Microcomputer Project for Ar- 
kansas Classrooms 

ISDN —Integrated Services Digital Network 

rrV —instructional television 

JTPA —Job Training Partnership Act 



K —kilobyte 

LAN —local area network 

LD —learning disabled 

LRDC -Learning Research and Development Center 

MBLs — microcomputer'based laboratories 

MECC —Minnesota Educational Computing Corp. 

METN —Maryland Education Technology Network 

NCTI —National Computer Training Institute 

NIE —National Institute of Education 

OCA — Ofnce of Computing Activities 

OECC —Oregon Educational Computer Consortium 

OERI —Office of Educational Research and Im- 
provement 

OSR —Operation School Renewal 

PHEAA —Pennsylvania Higher Education Assistance 
Agency 

PROM —programmable read only memory 

PTA — Parent'Teacher Association 

PTO — Parent'Teacher Organization 

R&D —research and development 

RAM —random access memory 

RCRC —Regional Computer Resource Centers 

RISE —Research in Science Education 

ROM —read only memory 

SAGE —Semi-Automatic Ground Environment for 

Air Defense System 

SBIR —Small Business Innovation Research 

SDE —State Department of Education 

SEE —Science and Engineering Education 

SEED —Software Evaluation Exchange Dissemination 

Project 

SES —socioeconomic status 

TEC —Technology Education Center 

TEC —Teacher Education and Computer Center 

TERC* —Technical Education Research Centers 

TIC —Technology in the Curriculum Projects 

VCR — videocassette recorder 

WAN —wide -area network 
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Appendix E 

Contractor Reports 



Copies of contractor reports done for this project are 
available through the U.S. Department of Commerce. 
National Technical Information Service (NTIS), Spring- 
Held, VA 22161, (703) 487-4650. 
L "An Analysis of the Scope and Quality of the Cur* 
rent Supply of Educational Softwan , and of the 
Available Sources of Information on Educational 
Software," Ellen R. Bialo and Jay P. Sr'in, Interac' 
tive Educational Systems Design, Inc. (NTIS order 
number PB 88494 667/ AS) 

2. "Support for Educational Technology R&D: The 
Federal Role," Charles Blaschke, Beverly Hunter, and 
Andrew Zucker, Educational Turnkey Systems, Inc. 
(NTIS order number PB 88-194 626/AS) 

3. "Influences on Development and Innovation in Edu* 
cational Technology," Dean Brown, Ted M. Kahn, 
and Marvin M. Zauderer, Picodyne Corp. (NTIS or- 
der number PB 88-194 642/AS) 

4. "Computers and Learning: Do They Work? A Re- 
view of Research," Joanne Capper, Center for Re- 
search Into Practice (NTIS order number PB 88-194 
683/AS) 

5. "Computer Networks in Elementary and Secondary 
Education," Earl Dowdy, University of Illinois, Urbana 
(NTIS order number PB 88-194 675/AS) 

6. "A Review of the Status of Technology Training for 



Teachers," Allen D. Glenn and Carol A. Carrier 
(NTIS order number PB 88-194 766) 

7. "Mechanisms for Facilitating a Vital and Dynamic 
Education System: Fundamental Roles for Educafon 
Science and Technology," Roy D. Pea and Elliot 
Solo way. Cognitive Systems, Inc. (NTIS order n am- 
ber PB 88-194 634/AS) 

8. "Educational Technology: Information Networks, 
Markets and Innovation," W. Curtiss Priest, Center 
for Information Technology and Society (NTIS or- 
der number PB 88492 836/AS) 

9. "Assessing Cost-Effectiveness of Computer-Based 
Technology in Public Elementary and Secondary 
Schools," David Stern and Guy Cox, University of 
California, Berkeley (NTIS order number PB 88-194 
659/AS) 

10. "Altei native Approaches to Developing a Cadre of 
'Teacher Technologists," J.H. Strange, S.A. Tucker, 
G.E. Uhlig, and P. Feldman, Acadia Educational En- 
terprises, Inc. (NTIS order number PB 88-194 
774/AS) 

1 1. "How Technology Affects Teaching," Martha Stone 
Wiske and Philip Zodhiates, Harvard University, 
Educational Technology Center (NTIS order num- 
ber PB 88-202 622/AS) 



251 



241 



Appendix F 

Workshop Participants and 
Reviewers and Contributors 



Cost-Effectiveness of Educational Technology Workshop, Dec, 9, 1986 



Henry Becker 

The Johns Hopkins University 
Baltimore, MD 

Edward Cavin 

Center for Naval Analyses 

Alexandria, VA 

Richard Clark 

University of Southern California 
Los Angeles, CA 

Sheila Cory 

Chapel Hill-Carrboro City Schools 
Chapel Hill, NC 

James Kulik 
University of Michigan 
Ann Arbor, MI 



David Cohen, Workshop Chairman 
Michigan State University 
East Lansing, MI 

Henry Levin 
Stanford University 
Stanford, CA 

Cecil McDermott 

Instructional Microcomputer Project 

in Arkansas Classrooms 
Arkansas Department of Education 
Little Rock, AR 

Stanley Pogrow 
University of Arizona 
Tucson, AZ 

W. Curtiss Priest 

Center for Information Technology 

and Society 
Lexington, MA 



David Stern 

University of California, Berkeley 
Berkeley, CA 

Herbert Walberg 
University of Illinois 
Chicago, IL 



The Educational Software Market Workshop, Aug, 6, 1987 

Marc Tucker, Workshop Chairman 
Carnegie Forum on Education and the Economy 
Washington, DC 



Ellen Bialo 

Interactive Educational Systems 

Design, Inc. 
New York, NY 

William Gattis 

Radio Shack Education Division 
Tandy Corp. 

-Wendy Harris 
Department of Education 
State of California 
Sacramento, CA 

Brian Hawkins 
Brown University 
Providence, RI 



Kathleen Hurley 
Mindscape, Inc. 
Northbrook, IL 

Dwight Johnson 
The Home School 
San Diego, CA 

Walter Koetke 
Scholastic, Inc. 
New York, NY 

Howard Merriman 
Columbus Public Schools 
Columbus, OH 

Charles Philipp 

Montgomery County Public Schools 
Rockville, MD 



W. Curtiss Priest 

Center for Information Technology 

and Society 
Lexington, MA 

Paul Reese 

Ralph Bunche Elementary School 
New York, NY 

Allan L. Rogers 

San Diego County Office of 

Education 
San Diego, CA 

Judy Salpeter 

Classroom Computer Learning 
San Rafael, CA 



243 



Jay Sivin 

Interactive Educational System 

Design, Inc. 
New York, NY 

Tom Snyder 

Tom Snyder Productions 

Cambridge, MA 



Julie Vargas 

West Virginia University 
Morgantown, WV 

Judy Wilson 

Microcomuputer Information 

Coordination Center 
Kansas City, KS 



Anne Wujcik 
TALMIS, Inc. 
New York, NY 



Economics of Educational Software Workshop, Sept- 14, 1987 

Richard Murnane, Workshop Chairman 
Harvard University, Cambridge, MA 

John Kasdan Ian Novos W. Curtiss Priest 

Columbia University University of Southern California Center for Information Technology 

New York, NY Los Angeles, CA and Society 

Lexington, MA 



The Teacher and Technology Workshop, Sept- 29, 1987 

Karen Sheingold, Workshop Chair 
Bank Street College of Education, New York, NY 



Barbara Bayha 

Stevens Creek Elementary School 
Cupertino, CA 

Jennifer Better 
Hewlett Packard 
Palo Alto, CA 

Gary Bitter 

Arizona State University 
Tempe, AZ 

Rosemary Bradbury 
Columbus School 
Bridgeport, CT 

Bill Davey 
Closing the Gap 
Henderson, MN 

Allen Glenn 
University of Minnesota 
Minneapolis, MN 

Herbert Kehrl 

Patrick Henry Middle School 
Woodhaven, MI 



Robert Pearlman 

Boston Latin High School 

Cambridge, MA 

Don Rawitsch 

Minnesota Educational Computer 

Corp. 
St. Paul, MN 

Nancy Roberts 
Lesley College 
Cambridge, MA 

Kjell'Jon Rye 
Bellevue High School 
Bellevue, WA 

Stanley Silverman 

New York Institute of Technology 

Central Islip, NY 

John H. Strange 

Acadia Educational Enterprises 

Boston, MA 



Patricia Sturdivant 
Houston Independent School 

District 
Houston, TX 

Sue Taliey 

Apple Computer, Inc. 
Cupertino, CA 

Susan Tucker 

George Mason University 

Alexandria, VA 

Martha Stone Wiske 
Harvard University 
Cambridge, MA 

Philip Zodhiates 

Education Development Center 

Newton, MA 
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Research and Development in Educational Technology Workshop, Oct. 20, 1987 



Thomas Anderson 
- Open Court Publishing Co. 
Peru, IL 

Dean Brown 
Picodyne Corp. 
Portola Valley, CA 

John Seely Brown 

Xerox Palo Alto Research Center 

Palo Alto, CA 

Allan Collins 

Bolt, Beranek & Newman 

Cambridge, MA 

Dexter Fletcher 

Institute for Defense Analyses 

Alexandria, VA 



Alan Lesgold, Workshop Chair 
University of Pittsburgh, Pittsburgh, PA 

Henry Hertzfeld 
Bethesda, MD 

Ted Kahn 
Picodyne Corp. 
Portola Valley, CA 

Arthur S. Melmed 
New York University 
New York, NY 

George Miller 
Princeton University 
Princeton, NJ 

Raymond Nickerson 
Bolt, Beranek &. Newman 
Cambridge, MA 



Roy D. Pea 

New York University 

New York, NY 

Karen Sheingold 

Bank Street College of Education 
New York, NY 

Elliot Soloway 
Yale University 
New Haven, CT 

Frederick Weingarten 

Office of Technology Assessment 

Washington, DC 



Other Reviewers and Contributors 



Marvin Aaron 

Community School District 27 
New York City 

Gordon Ambach 
Council of Chief State School 
Officers 

Gregg Benson 
New York State Center for 
Learning Technologies 

Karen Billings 

Logo Computer Systems, Inc. 
Holly Brady 

Classroom Computer Learning 

Jeffrey Branzburg 

New York City Public Schools 

Ludwig Braun 

New York University 

Jim Brewington 
Education Systems Corp. 

Philip J. Brody 

St. Louis Public Schools 

Cornelia Brunner 

Bank Street College of Education 



Red Burns 

New York University 

Henry Cauthen 
South Carolina F.duc^tional 
Television 

Sylvia Charp 
T'H'E Journal 

Susan Chipman 

Office of Naval Research 

David Cordray 

U.S. General Accounting Office 

Christopher Dede 

University of Houston, Clear Lake 

Stephen Diaz 

California State University 
San Bernardino 

Pierre Duguet 
Organisation for Economic 
Cooperation and Development 

David Dwyer 

Apple Computer, Inc. 

Susan Elting 

Council for Exceptional Children 



Richard Erdmann 
Wasatch Education Systems 

Beatrice Farr 

Army Research Institute 

LeRoy Finkel 

San Mateo County Office of 
Education 

Leslie Flanders 

Kentucky Educational Television 
Raymond Fox 

Society for Applied Learning 
Technology 

Walter Freas 

New Jersey Public Broadcasting 
Authority 

Samuel Gibbon 

Bank Street College of Education 

Shirley Gillete 
WNET/THIRTEEN 
New York City 

Kay Gilliland 

EQUALS in Computer Technology 
University of California, Berkeley 
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Albert Goldberg 

Wayne County Intermediate School 
District 

Bobby Goodson 
Sunnyvale, California 

Henry Halff 

Half? and Associates 

Helen Hartle 

New York State Teacher Resource 
and Computer Training Centers 

Jan Hawkins 

Bank Street College of Education 
Jeanne Hayes 

Quality Education Data, Inc. 
John Hood 

Market Data Retrieval, Inc. 

Kristina Hooper 
Apple Computer, Inc. 

Glenn Hoptman 
Smithsonian Institution 

Charles Houghey 

National Governors* Association 

David Imig 

American Association of Colleges of 
Teacher Education 

Holly Jobe 

Montgomery County Pennsylvania 
Intermediate Unit 

Martha Jones 

Juan Linn Elementary School, 
Victoria, Texas 

Brian Kahin 

Cambridge, Massachusetts 
Irwin Kaufinan 

New York City Public Schools 
Alan Kay 

Apple Computer, Inc. 
Sally Kilgore 

U.S. Department of Education 
Will Kitchen 

Tele-Systems Associates, Inc. 
Anne Knight 

International Council on Computers 
in Education 



Kenneth Komoski 
EPIE Institute 

Marge Kosel 

Sunburst Communications 
Ann Lathrop 

San Mateo County Office of 
Education 

Robert W. Lawler 
Purdue University 

Charlotte LeGates 
Computer and Business Equipment 
Manufacturers Assocation 

Marsha Levine 

American Federation of Teacherf 
Marcia Linn 

University of California, Berkeley 

Harvey Long 
IBM Corp. 

Beth Lowd 

Lexington Massachusetts Public 
Schools 

Chalmers Marquis 
National Association of Public 
Television Stations 

Karen Mathiasen 

Office of Technology Assessment 

Ann McCormick 
VPL 

James Mecklenburger 

National School Boards Association 

Andrew Molnar 

National Science Foundation 

Mort Mondale 

National Education Association 

David Moursund 
International Council on 
Computers in Education 

Dennis Newman 

Bank Street College of Education 

Judith Orasanu 

Army Research Institute 

Seymour Papert 
Massachusetts Institute of 
Technology 
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Janice Patterson 

University of Wisconsin, Madison 
Richard Pollack 

Minnesota educational Computing 
Corp. 

Doris Ray 

Maine Computer Education 
Consortium 

Paul Resta 

Albuquerque Public Schools 

Donna Rhodes 
NEA Foundation for the 
Improvement of Education 

Jack Roberts 
Scholastic, Inc. 

Sherman Rosenfeld 
Weizmann Institute of Science 

George Rush 

Council of the Chief State School 
Ofacers 

Beverly Sangston 
Montgomery County Public 
Schools, Maryland 

Dennis Sayers 
University of Hartford 

Jeff Schneider 

National Education Association 

Mark Schubin 
New York City 

Arthur Sheekey 

U*S. Department of Education 

Bruce Sherwood 
Carnegie-Mellon University 

Glenn Snelbecker 
Temple University 

Sc^ware Publishers Association 

Kendall Starkweather 
Internaiional Technology Education 
Association 

Brian Stecher 

Educational Testing Service 
James Stedman 

Congressional Research Service 
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Michael Sullivan 
UNISYS Corp. 

Robert Taylor 
Teachers College 
Columbia University 

Robert Tinker 

Technical Education Resource 
Centers 

George Tressel 

National Science Foundation 

Harriet Tyson-Dernstein 
Washington, DC 



Thomas Valenti 
WVIZ-TV 
Cleveland, Ohio 

Wendy Wtingarten 

Office of Technology Assessment 

Mary Alice White 
Teachers College 
Columbia University 

Sharon Williamson 

Quality Education Data, Inc. 

Kathleen Wilson 

Bank Street College of Education 



Frank Withrow 

U.S. Department of Education 
Fred Wood 

Office of Technology Assessment 
Tse-Sung Wu 

Office of Technology Assessment 

Karl L. Zinn 
University of Michigan 
Center for Research on Learning 
and Teaching 



NOTE: Special thanks go to all the State Technology Coordinators for taking the time to complete the OTA Survey of State 
Technology-Activities. 
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OTA REPORT BRIEF 

September 1988 

Power On! New Tools for Teaching and Learning 



American public schools have acquired close to 2 
million computers in this decade, along with a wide 
range of educational software. In 1981, fewer than one 
school in five had a computer. Today, almost all do, 
and over 90 percent have VCRs as well. In addition, 
distance learning projects are proliferating: 35 States 
have projects or plans to deliver instruction via satel- 
lite or other electronic communications systems. This 
dramatic growth reflects the desire of school districts, 
administrators, teachers, and parents to use new learn- 
ing technologies. 

Computers are widely distributed, and student ac- 
cess has improved. But most schools do not have 
enough computers to make them a central tool of in- 
struction. U.S. public schools average 1 computer for 
every 30 students, but there are wide variations in 
availability of computers across districts and States, 
and between students in relatively poor schools and 
those in more affluent schools. School size is a major 
determinant— larger schools have proportionately 
fewer computers. Reflecting this, black students, who 
tend to be in larger schools, typically have less access 
to compi.vers than do white students, especially at the 
elementary school level. Students with limited English 
proficiency have the lowest access of all. Overall, those 
students who use computers do so an average of little 
more than 1 hour per week. 

There is no one "best use" of technology, but there 
are many promising applications. The varied capabil- 
ities of the technologies are key tc their power. New 
interactive technologies are now cortributing to im- 
provements in learning (see box). The^ can play an 
even greater role by helping children acquire basic 
skills as well as more sophisticated learning strategies, 
so that they can continue to acquire and apply knowl- 
edge over their lifetimes. 

Educational technologies are not self-implementing. 
They do not replace the teacher. Investments in the 
technology will only be effective if teachers receive 
training and support. But only one-third of the Na- 
tion's teachers have had even 10 hours of computer 
training, and most of it has been devoted to learning 
about computers, not how to teach with computers. 
Less than one-third of all recent education school grad- 
uates consider themselves prepared to teach with com- 
puters. 

For most teachers, using computers makes their job 
more diffictilt at first, but few would choose to return 




Photo credit. Blue Earth Btementary School, Blvo Earth, Minnesota 



to teaching without computers. If teachers are to use 
technology tools effectively, they must be provided 
training in the skills needed to work with technology, 
education that provides vision and understanding of 
state-of-the-art developments and applications, sup- 
port for experimentation and innovation, and— perhaps 
most valuable of all— time for learning and practice. 
These elements should be a part of teacher prepara- 
tion and inservice teacher training. As technology 
changes and research provides better understanding 
of how children leim, teachers will require continu- 
ing support. 

There are over 10,000 software products on the mar- 
ket today intended for educational use in school or at 
home. Many are for drill and practice, although ad- 
vances in technology have allowed development of 
more complex software applications. Distribution of 
software titles across subjects is uneven, but generic 
programs for word processing, data management, and 
desktop publishing offer teachers flexibility for a range 
of classroom uses. 

Despite steady improvement, the quality of educa- 
tional software could be much better. Increased capac- 
ity of hardware and advances in programming have 
removed many technological barriers, but economic 
risks in the market lead software publishers to play 
it safe and offer products that are familiar to most 



Q The Office of Technology Assessment (OTA) is an analytical arm of the U.S. Congress. OTA's basic function is 
ERIC *° ^^^^ legislators anticipate and plan for the positive and negative impacts of technological changes. 

Haa^ta Address: OTA, U.S. Congress, Washington, DC 20510-8025. Phone: 202/224-9241. John H. Gibbons, Director. 



Effective Uses of Interactive Technology in Today's Classrooms 

• Building basic skills through drills offering self-paced practice. 

• Developing writing skills by facilitating the process of c afting ideas, revising structure, and fine-tuning 
one's work. 

• Offering opportunities to develop strategies for problem solving. 

• Providing new ways to understand abstract concepts in mathematics and science. 

• Directing student discovery through simulations in science, mathematics, and social studies. 

• Easing the collection, manipulation, and analysis of data for processing large amounts of information. 

• Developing computer skills for general use and for business and vocational applications. 

• Increasing access and communication opportunities for students with physical or other disabilities. 

• Bringing teachers to schools in remote locations or to small groups of students wishing to study a subject 
not taught in their home school. 

• Providing individualized instruction adjusted to each student's prior knowledge and rate and style of 
learning. 

• Encouraging cooperative learning as students work together on computer projects in the classroom or 
on electronic networks across the continent. 

• Easing some aspects of classroom management, such as recordkeeping, preparing instructional materi- 
als, and motivating students. 



teachers. The result is a relatively homogeneous sup- 
ply of software products that fall short of the technol- 
ogy's potential. Reliance on the private sector alone 
will probably not yield an adequately diverse, inno- 
vative, and responsive set of educational software 
products. Because affordable and effective educational 
software is critical to the success of interactive tech- 
nology in schools, Federal, State, and local govern- 
ments will need to play larger roles in support of soft- 
ware development. 

Technology is changing rapidly, but educational 
technology R&D is not keeping up. The absence of a 
coordinated Federal policy, limited and short-term 
funding, erratic political support, and disorganized 
R&D efforts across agencies have resulted in delayed 
or lost opportunities. A substantial investment in R&D 
is needed now to exploit more fully the power and po- 
tential of technology for education. Among the most 
promising research directions are: 

• intelligent tutoring systems that are responsive to 
the individual learner; 

• applications that exploit the computer's ability to 
be a multimedia controller, enriching curriculum 
with video, graphic, and audio components; 

• simulations, microworlds, and laboratories that 
extend understanding through exploration, ma- 
nipulation, and guided discovery; 

• integrated tools and "intelligence extenders" that 
help students move beyond low-level tasks and 
concentrate on more demanding problem solving 
skills; 

• new assessment measures that track learning, di- 
agnose students' conceptual understandings, and 
evaluate the attainment of complex skills; 



• design tools, "authoring systems/' and "knowl- 
edge kits" that enable teachers to create and cus- 
tomize their own teaching materials; and 

• new curricula, based on the skills students need 
in the information age. 

Research in cognitive sdcnce, developments in infor- 
mation technology, and schools and teachers willing 
to experiment, all create today's "window of oppor- 
tunity" for improving education. At the current rate 
of investment, the Nation can expect continuing ex- 
perimentation in some schools, steady but slow im- 
provement in software, and spotty access to the tech- 
nology by students. If the Nation wishes to accelerate 
realization of the educational potential of the technol- 
ogy, a greater investment will be necessary. Policy- 
makers at all levels of government will need to focus 
their attention on four closely related areas: 

• expanding the amount -d capability of technol- 
ogy in schools; 

• providing training and support for teachers; 

• encouraging innovation in educational software; 
and 

• supporting research, development, demonstra- 
tion, and evaluation, with emphasis on ties be- 
tween research and the classroom. 

Copies of the OTA report, ''Power On! New Tools for 
Teaching and Learning/' are available from the Supcrinien- 
dent of Documents, U.S. Government Printing Office, I /ash- 
mgton, DC 20402-9325 {202} 783-3238. The GPO stock num- 
ber is 052-003'0U25'5: the price is SU.OO. Copies of the 
report for congressional use are available by calhng 4-8996. 
Summaries of reports are available at no charge from the 
Office of Technology Assessment. 
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FOR IMMEDIATE RELEASE 
VIDEOTAPES MADE FOR CONGRESS REPORT ON EDUCATION AND TECHNOLOGY 

Two videotapes about the influence and potential of educational technology 
in public schools, produced for the U.S. Congressional Office of Technology 
Assessment (OTA), are now available from 8 L Productions, New York. 

Both videotapes, **Pow6r On! New Tools for Teaching «nd LMrhing** and 
*The PrciTise of New Educational Technology** were produced to 
supplement two recent OTA studies on education and technology. They 
were intended to illustrate aspects of each study's aubject matter that were 
better expressed in sound and picture than in print. 

**Power On! New Tools for Teaching and Learning**, produced to 
accompany the OTA report of the .same name, is a comprehensive look at 
the status of computers, v^deo and telecommunications in public schools, 
including a look at their impact on teachers. It also examines the potential 
for these new technologies to change education in the future. 

"The Promise of New Educational Technology'* was produced ^o 
accompany an OTA Staff Paper concerning federal educational programs, 
especially Chapter One programs. It visits six sites including ari Apple 
Classroom of Tomorrow in Memphis, a barrio school in San Diego where 
problem children volunteer to become "computer experts." an integrated 
system lab in Texas, and a distance learning project using satellite 
television in Oklahoma. 
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The tapes are powerful tools for affecting change In schools," says Jim 
StLawrence, producer. "They represent the best research Into the state of 
the art In educational technology, and point the way to future uses of 
technology in American schools." 

StLawrence, a senior partner In S L Productions, was In-house consultant 
to the landmari< government study, and has produced many programs 
about education and technology. Including the award winning "Fast 
Forward" series seen on most PBS TV stations. 

Educators wishing to purchase VHS or BETA copies may do so by sending 
a check or money order for $25 per program or $40 for both programs to: 
S I Productions, Bok 1243, Manhasset N.V. 11030. 

(N.Y. residents must add 8% sales tax) 



-30- 

For further information contact S L Productions (516)365-9458 (please do not publish phone number). 
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Office of Technology Assessment 



The Office of Technology Assessment (OTA) ^was created in 1972 as an an- 
alytical arm of Congress. OTA*s basic function is to help legislative policy- 
makers anticipate and plan for the consequences of technological changes and 
to examine the many ways, expected and unexpected, in which technology 
affects people^s lives. The assessment of technology calls for exploration of the 
physical, biological, economic, social, and poli:ical impacts that can result from 
applications of scientific knowledge. OTA provides Congress with indepen- 
dent and timely information about the potential effects— both beneficial and 
harmful— of technological applications. 

Requests for studies are made by chairmen of standing committees of the 
Hquse of Representatives or Senate; by the Technology' Assessment Board, 
the governing body of OTA; or by the Director of OTA in consultation with 
the Board. 

The Technology Assessment Board is composed of six members of the House, 
six members of the Senate, and the OTA Director, who is a non-voting 



OTA has studies under way in nine program areas: energy and materials; 
industry, technology, and employment; international security and commerce; 
biological applications; food and renewable resources; health; communication 
and information technologies; oceans and environment; and science, educa- 
tion, and transportation. 
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